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LETTER OF TRANSMITTAL 


a mAS B. ‘Parsons, Secretary, 

_ American Institute of Mining and Metallurgical Engineers 
— 29 West 39th Street 

__ New York, N. Y. 


- Dear Sir: 


I take pleasure in transmitting herewith Transactions, Petroleum 
_ Development and Technology, 1934, containing papers that cover sub- 
jects of general interest to the industry and of especial interest to engi- 
neers. Nearly all of these papers were presented at the several meetings 
of the Petroleum Division held during the past year. 

In recent years papers on stabilization have constituted a considerable 
part of the annual volume, but this subject is treated only briefly in the 
present volume. The Stabilization Committee has been as active as in 
past years, and held a highly successful session at the New York meeting; 
but the resulting papers were thought to be of such timely interest that 
-. they were made available immediately to the industry and the public 
through the technical journals. 

The statistical information covering production is presented in a new 
and far more comprehensive form. For years there has been need of 
greater detail and refinement in handling production figures. Engineers 
in particular often need consolidated figures which heretofore they have 
been unable to assemble individually. This more elaborate treatment 
of statistical information represents an effort to render a permanent serv- 
ice to the industry, which it is hoped will be of greater value each year. 

I wish to express my sincere appreciation to the officers of the Division, 
the committeemen, the officers and headquarters staff of the Institute, 
who throughout the year have rendered valuable assistance and advice 
to further the interests of the Petroleum Division. 


Respectfully submitted, 
W. E. Wrather, Chairman, 
Petroleum Division, 1933. 
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PLANS FOR PETROLEUM DIVISION IN 1934 


By H. D. Witps, Jr., CHAIRMAN oF Division 


Tue plans for the activities of the Petroleum Division for the coming 


year do not differ materially from those of the past several years. The 


fall meeting is scheduled for Oct. 12 and 13 and is to be held at Tulsa, 
Oklahoma. The Division, of course, will take part in the annual meeting 


- of the Institute at New York. A fall meeting will also be held in Cali- 


fornia at approximately the same time as the meeting at Tulsa. A 


_ number of papers are to be presented at the two meetings simultaneously. 


The various committees are at work arranging the programs. 

The Division will continue to be active in its various fields of endeavor, 
such as stabilization, production reviews, and economics, but special 
stress is to be laid on the engineering and research fields. In the past the 
Division has served as a forum for open and frank discussion of problems 
confronting the engineers in the oil industry. It is hoped that it will 
continue to function in this capacity. Papers presenting original ideas 
and extending the boundaries of knowledge and understanding in the 
field of petroleum production will be welcomed. Members who have 
interesting information to contribute should not wait until called upon by 
one of the Committees, but should offer a paper at the earliest opportunity. 

The past year has seen a decided strengthening of the control over 
production, with prospects of even more rigid control in the future. It is 
essential that production programs under such control be carefully 
planned and it is highly desirable that petroleum engineers take an active 
part in the planning, to insure efficient production of oil and minimize 
the waste of this natural resource. 

At a time like this, when it is difficult to keep the production of oil 
within reasonable limits, it may seem unnecessary to improve the effi- 
ciency of production methods, but, as has been aptly said, the trouble is 
not that we have too great a reserve of oil but that we are producing 
tomorrow’s oil today. Therefore it behooves those who are entrusted 
with the engineering and scientific phases of production to learn how to 
get the greatest yield economically possible from the present and future 
fields in order that we may enjoy the advantages of petroleum products 
for a long time to come. 
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_ Chapter I. Production Engineering 
and Engineering Research 


Properties of Hydrocarbon Mixtures as Related to 
Production Problems 


By W. K. Lewis,* Campripaz, Mass. 
(Dallas Meeting, October, 1934) 


Durine the last decade the petroleum refinery engineer has made 


_ great progress in achieving a better understanding of the physical 


behavior of hydrocarbon mixtures, with particular reference to their 
pressure-temperature-volume relationships, the mechanism of the 
evaporation of liquids, the condensation of vapors, including the changes 


in composition, and the heat effects accompanying them. With the new 


insight into the mechanism of movement of oil and gas through the 
formations in which they occur, achieved by the production engineer, 
it is clear that the latter will need to utilize in the solution of his own 
problems much of the information outlined above. It is the purpose of 
this paper to outline the portions of that information that seem most 
certain to prove of importance in production work. 


PRoPERTIES OF PurE HypROCARBONS 


While it is true that petroleum always consists of highly complex 
mixtures of hydrocarbons, none the less understanding of the behavior 
of the mixture must be based upon a knowledge of the properties of the 
pure components. However, in view of the tremendous number of 
hydrocarbons existing in petroleum, the determination and formulation 
of the properties of all of them would seem a discouraging task. The 
difficulty of the situation is increased by the undoubted facts that the 
overwhelming majority of chemical individuals in petroleum have never 
been isolated as pure compounds, none of their physical properties have 
been determined and even their chemical constitution is unknown. The 
situation would be hopeless were it not for the fact that certain extra- 
ordinary correlations of important properties of various hydrocarbons 
have been discovered which make it possible to predict those properties 
for a given chemical individual on the basis of a very limited character- 
ization of it. Thus one can predict the vapor-pressure curve of an 
unknown hydrocarbon over a considerable range from the knowledge of a 


* Professor of Chemical Engineering, Massachusetts Institute of Technology. 
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It must be emphasized that these correlations are not absolute. They 
are approximations only. However, many of them are remarkably 
close, almost always amply within the requirements of engineering work 


and in some cases probably better than the accuracy of the best 
existing data. 


Vapor Pressures 


The vapor pressures of all hydrocarbons rise rapidly with increase in 
temperature, so rapidly that when plotting them on ordinary coordinate 
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This difficulty can be met by the use a a semilogarit ic plot st 
of Fig. 1, which shows the vapor-pressure curve of n-octane. On 


the correlation between their results is immediately arose & 1 
vapor-pressure data are of this general type and are proba best x DR: 
sented in this or some equivalent way. 

Numerous methods of correlation of the vapor-pressure relationships 
of various hydrocarbons have been suggested. One of the most conveni-— 
ent is that of Cox, or one of its modifications, as shown in Fig. 2. The 
pressure scale is logarithmic and the temperature scale arbitrarily drawn. 
It is found that on such a chart the vapor-pressure curves of all pure 
hydrocarbons plot as substantially straight lines, converging to a common 
point. Consequently, a single point on the vapor-pressure curve of a 
hydrocarbon, such as its boiling point at atmospheric pressure, or at any 
other known pressure, enables one to construct the complete curve for 
the hydrocarbon in question. There is no doubt that this correlation is 
not perfect. The lines for individual hydrocarbons are certainly not 
always straight. Indeed, the vapor-pressure curves of some hydro- 
carbons cross each other, a fact incompatible with the chart. Further- 
more, there are more dependable correlations, but these are also more 
complicated and since it is uncertain that they are more dependable when 
extrapolated to higher hydrocarbons, direct data on which are non- 
existent, Fig. 2 is perhaps preferable for engineering work. 5 


Critical Conditions 


When hydrocarbon liquids are heated they expand. However, the r 
vapor pressure increases rapidly and, on account of this fact, despite 
the rise in temperature, the density of the saturated vapor in equilibrium 
with the liquid increases. Finally, a point is reached at which the 
densities of liquid and of saturated vapor become identical and differences 
in physical properties disappear. This is called the critical point of the 
material in question, the temperature being the critical temperature T’, 
the pressure, the critical pressure P,, and the volume, the critical volume, 
ve. The critical temperature and pressure are shown for octane at the 
right-hand end of the curve of Fig. 1, marked Cr. 

The correlations of critical conditions are somewhat less satisfactory 
than those of vapor pressures. However, the value of the so-called 
critical ratio, RT./P-V., is remarkably constant for all hydrocarbons 
investigated. Its average is about 3.79. For hydrocarbons with less 
than four carbon atoms per molecule the value is definitely lower, being 
about 3.59 for ethylene and ethane and 3.46 for methane. However, for 
hydrocarbons with four carbon atoms and above per molecule, the 
deviations apparently never lie outside the range 3.7 to 3.85, a variation 


ee > ; 
n th sinaan of only 2 percent. While it is true that within this range 

ies for paraffin hydrocarbons average high and those for the 
tics low, it seems allowable, until more accurate data are available 
se the average figure, 3.79, for the critical ratio. It has also Pee 
sh wn that at the critical point the density of all paraffin hydrocarbons 
containing more than three carbon atoms per molecule on which data 
: are available is practically the same, 0.236. It is readily shown that this 
is equivalent to the statement that for these hydrocarbons the value of 
the ratio MP./T, is equal to 5.0 within the experimental error. Appar- 
; ently for aromatic hydrocarbons with no side chains this ratio has a value 
_ of approximately 6.9, and for naphthenic ring compounds without side 
_ chains about 6. Granting that the vapor-pressure curves can be repre- 
sented by Fig. 2, this relationship immediately makes it possible to 
a construct the critical curves for these three classes of compounds. The 
_ corresponding curves are shown on the figure. 


100 200 300 400 500 600 700 800 


Fig. 3.—DELTA CORRECTION FACTOR. 


Another method of prediction of critical temperatures is that of 
Watson.! He has shown that the critical temperature is given with 
remarkable precision by the formula 


T, +A 
0.283 (M/d,)0.18 


T, is the atmospheric boiling point of the material on the absolute scale 
(deg. K), M is its molecular weight and d, its specific gravity at its atmos- 
pheric boiling point. A is a correction factor, depending on the normal 
boiling point only, which may be read from the curve of Fig. 3. It is 
true that this method of calculation requires the specific gravity of the 


T. = 


1Ind. & Eng. Chem. (1931) 28, 361; (1933) 25, 880. 


a a. 
- = = Eee s 
16 | PROPERTIES OF HYDR 


material at its atmospheric boiling point; this can be mi 
or calculated from the density at normal temperatures 
coefficient of expansion. ' oR 
Vapor Densities reads 
At very low pressures the vapors of all hydrocarbons follow the gas 
laws, most conveniently written in the form PV = nRT. As pressi Ss 
increase, deviations begin to develop, and for all hydrocarbons at normal f 
temperatures the densities are greater and the volumes less than those ; 
calculated from the gas laws. The data available are none too extensive, — 
but analysis of them by various investigators during the last few years . 
has shown that they can be correlated very satisfactorily on the basis 
of the critical values of the individual hydrocarbons. This is done by 
assuming that the relation between pressure, temperature and volume 
of any pure hydrocarbon can be represented by the gas-law equation by 
the introduction of a correction factor », writing PV = unRT. If, now, 
the pressure P, under which the hydrocarbon exists, is expressed as a 


Pr=REDUCED PRESSURE 


Fic. 4.—TEMPERATURE-PRESSURE CURVES. 


fraction of the critical pressure P., the fraction Pz = P/P., being called 
the reduced pressure, and the temperature similarly as a fraction of the 
critical temperature, i. e., as a reduced temperature, Tz = T/T, it is 
found that for all hydrocarbons having more than three carbon atoms 
per molecule the correction factor » to the gas laws is a unique function 
of the reduced temperature and pressure given by the curves of Fig. 4. 
Clearly, this puts one in a position to evaluate the volume or density of 
any pure hydrocarbon vapor under any conditions of temperature and 
pressure, provided one knows its critical constants. 

Replotting the data on which Fig. 4 is based shows that at high pres- 
sures the so-called isometrics—the curves of pressure against temperature 
at constant volume—are substantially straight lines over considerable 
ranges. Furthermore, if these are plotted on a reduced basis, for 
instance as Pz vs. Tp at constant Vz, as is done in Fig. 5, it is found that 


- oW. K. LEWIS 17 


all. higher hydrocarbons (those having more than three carbon 


: atoms per molecule) fall on a single diagram. Figs. 4 and 5 are equiva- 
a lent and represent merely different ways of expressing the same rela- 
tionships. In use, sometimes one and sometimes the other is found the 
_ more convenient. 
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Thermal Properties 


General correlations are available of the specific heats of hydrocarbon 
‘liquids and of their vapors under pressures sufficiently low so that 
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deviations from the gas. laws may | neglec 
of the heats of vaporization that is valid. so lo g as | 
> not too high is the Hildebrand function, shown in Fig. 6. 4 
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Fic. 6.—HILDEBRAND FUNCTION FOR HYDROCARBONS. 


the very large deviation from the gas laws suffered by the vapors at high 
pressures, and deviations from their thermal behavior at low pressures 
are to be expected. It is readily shown thermodynamically that the 
correction for the effect of pres- 
sure can be expressed in the 
relatively simple terms. of Fig. 7. 
In any operation involving the 
heating or cooling of a vapor, | 
calculate the heat effect on the 
assumption that the operation is 
conducted at pressures low enough 
to neglect deviations from the gas 
laws and then at each end of the 
operation apply a pressure correc- 
Fic. 7.—Correction ror mrrrect or tion of which the magnitude de- 

+E oats” pends upon the reduced volume as 
shown in the following equation. The term ¢ is given by Fig. 7. Notice 
that its negative value is plotted in the figure. The isothermal pressure 
correction to the internal energy is 


AE = p.RT.o 


Hence, to calculate the change in internal energy due to pressure alone, 
for hydrocarbons with more than three carbon atoms per molecule, 


ee eee a a 


* Parks and Huffman: Free Energies of Some Organic Compounds, 68. Chem. Cat. 
Co., Inc. 1932. 


mo 


the difference in the ordinate readings of Fig. 7 corresponding 
> actual change in Vz by the term »,.RT, = 0.264RT,. Its evalua- 


Fugacities 


Sod For the computation of the reversible, isothermal work of compression 
_ of a perfect gas one uses the familiar formula, 


W = nRT In peo/pi = piri In po/pi 


_ In view of the large deviations from the gas laws at high pressures indi- — 


_ cated by Fig. 4, it is not surprising to find that this equation breaks down 


4 completely under these conditions. If, however, one will use in it under 
_ the logarithmic term a properly corrected pressure, f, the equation can 


_ still be employed in this form for the exact calculation of isothermal 


reversible work. It thus becomes W = nRT In f2/f;. At pressures low 


enough so that the deviations from the gas laws are negligible, correction 


4 
FUGACITY / PRESSURE 


of the pressure is unnecessary and f becomes numerically identical with 


Ppr=REDUCED PRESSURES 
Fic. 8.—RATIO OF FUGACITY TO PRESSURE. 


p. The pressure thus corrected is called the fugacity. It is easily shown 
that for compounds conforming to Fig. 4 the ratio of the fugacity of the 
material under given conditions to its pressure f/P is a function of the 
reduced temperature and reduced pressure only. This function has 
been computed and is presented graphically in Fig. 8. From this figure, 
if one knows the reduced pressure and temperature of the material, oneis 
immediately in a position to read off this ratio, f/P, and by multiplying 
by the pressure to obtain the fugacity f itself. 

While the fugacity is a convenient function for calculating the work 
of isothermal, reversible compression, its utility is far greater than this, 
as will appear from further discussion. 

It is well again to emphasize the fact that in order to use all these 
relationships, at least above the pressure range in which deviations from 
the gas laws may be neglected, one must know the critical temperature 
and pressure of the hydrocarbon with which one is dealing; in order to be 
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which is cei for sclutle® of he erties ‘Furthormotey i 
critical condition of the hydrocarbon in question has been dete 
experimentally, it must be evaluated by indirect relationships si 
this evaluation one usually requires the knowledge of three characte 
istics of the hydrocarbon, of which the most convenient are its atm¢ — 
pheric boiling point, its density at that temperature, and its molecular 
weight. It is important to form the habit of securing these three tama 
of data concerning any hydrocarbon in the behavior of which one — 
is interested. / 

It is well to emphasize the fact that the relations dixedeuail up to this 
point apply only to pure hydrocarbons and cannot be applied directly in 
these forms to mixtures. 


aa 


PROPERTIES OF HypROCARBON MIXTURES 


From the point of view of vaporization, the behavior of a specific 
hydrocarbon mixture is shown in Fig. 9. This figure represents the data 
on binary mixtures of pentane and heptane. The left-hand curve is the 
vapor-pressure curve of the former and the right-hand curve of the latter, 
each in the pure state. The intermediate curves represent the behavior 
of three specific mixtures of the two components, the composition of each 
mixture being indicated on its curve. If a pure substance is heated to 
its boiling point it can be transformed completely into vapor without 
change in either pressure or temperature, but the behavior of a mixture 
is usually otherwise. If the temperature of a liquid mixture is raised at 
constant pressure, or if the pressure on it is reduced at constant tem- 
perature, a point is reached at which vaporization starts, which is called 
the boiling point of the mixture.* In general, if further heat is applied, 
maintaining the same limitations of operation, evaporation proceeds, but, 
unlike the behavior of a pure material, the temperature continues to rise 
at constant. pressure or the pressure to fall at constant temperature. 
Ultimately, however, the liquid phase disappears and the process of 
vaporization completes itself. If the same mixture is held at a tem- 
perature sufficiently high and pressure sufficiently low, it will exist 
entirely in the form of vapor. If, now, the temperature of this mixture 
is lowered at constant pressure or its pressure increased at constant 
temperature, a point called the ‘“‘dew point” will be reached at which 
condensation starts. ‘The dew point is the end point of the process of 
vaporization described above. The three loop curves of Fig. 9 represent 
the evaporative behavior of the mixtures of pentane and heptane speci- 
fied. The upper limb of each loop is the boiling-point curve of the 
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*In the petroleum industry this is usually called the initial boiling point, to dis- 
tinguish from the conditions obtained after a certain fraction of the mixture has been 
evaporated and removed from the system. 
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mixture in question and the lower limb its dew-point curve. The top 
_ curve of the diagram, extending between the critical points of the com- 
ponents, is the locus of the points at which corresponding boiling-point 
_and dew-point curves meet. At these points the mixture has the same 
density and other physical properties as vapor and as liquid and two © 
_ phases differing in properties can no longer exist in equilibrium with each 
other. These points are critical conditions for the mixtures. However, 
the right-hand extremity of each loop is the maximum temperature at 


PRESSURE - ATMOSPHERES 


TEMPERATURE ‘C. 


Fic. 9.—PRESSURE-TEMPERATURE DIAGRAMS AT CONSTANT COMPOSITION FOR n 
PENTANE—? HEPTANE SYSTEM. 


which any condensation whatever is possible from each specific mixture 
and consequently likewise represents a critical condition. The points 
of the first group are called the Cr. 1 points of the mixtures and 
those of the second, the Cr. 2 points. For pure components the two 
become identical. 

These curves have been determined for only a relatively small number 
of hydrocarbon mixtures and almost all of these were limited to binary 
mixtures. Consequently, at first one would consider unjustifiable 
generalization to the extraordinarily complex mixtures encountered in 
crude petroleum. However, theoretical considerations based on the 

- phase rule lead to the conclusion that all ordinary mixtures of hydro- 


PROPERTIES OF HYDR( 

carbons, however complex, should have boiling-poin t 
curves of exactly the type shown in Fig. 9, differing only in t 
presence in the mixtures of components varying enormously in v 
greatly widens the range of the diagram. This conclusion is full; 1b. 
stantiated by the limited amount of experimental work that has 
done. Consequently, one can with assurance look upon these loop curve: 
as representative of the behavior of hydrocarbon mixtures under chan 
in pressure and temperature. However, the engineering utility of the 
relationships would be extremely limited were it not possible fo put them 
on a satisfactory quantitative basis. 

In order quantitatively to solve the problems of vaporization, one 
must be able to compute the vapor pressure and vapor compositions of 
liquid mixtures, and to do this one takes advantage of the so-called laws 
of perfect solutions. At low pressures these take the form of Raoult’s 
and Dalton’s laws. The former states that the partial pressure of a 
volatile component in a liquid is equal to its mol fraction in the liquid — 
times its pressure at the same temperature in the pure state. The latter 
asserts the additivity of partial pressures, the total pressure of a vapor 
mixture being equal to the sum of the partial pressures of the components. _ 
The partial pressure of each component is the pressure it would exert at 
the same temperature in the same space in the absence of the others. In 
Raoult’s Law, p = Px; in Dalton’s Law, 7 = 2p. Combined with Ava- 
gadro’s Law, these are equivalent to i 

DO —PLR= zy 

For any conditions in which these equations are applicable they make 
it possible to calculate the initial boiling point and the dew point of any 
mixture of known composition, the composition of liquid and vapor in 
equilibrium with each other and the percentage of the total mixture in 
the form of liquid and vapor for any specified condition. This is true 
even of mixtures of extreme complexity, because it has been shown that 
such mixtures can be characterized in terms of the so-called true boiling- 
point curve; i. e., the boiling point of each individual constituent in the 
mixture plotted against the cumulative fraction of all constituents of 
lower boiling point, up to and including this particular temperature level, 
together with the boiling point-molecular weight relationship. Beginning 
in the light naphtha range and above, petroleum mixtures behave as 
though they consisted of an indefinitely large number of components, 
differing only differentially in boiling point. However, each differential 
portion can be treated as an infinitesimal amount of a pure component. 

Its vapor-pressure curve can be estimated, by means of the Cox chart, 
because one point on this curve is known; namely, the boiling point. Its 
molecular weight makes it possible to convert weight fraction into mol 
fraction. Thus, one is in a position to evaluate the differential partial 


a 
pressure of each constituent, however small its amount, and obtain total _ 


“ap and vapor compositions by graphic integration. 
‘The computation methods just outlined suffer from the limitation 


Mat they are grossly inaccurate at high pressures, particularly above a 
4 few hundred pounds, a situation that renders them almost useless for the 
_ production engineer. This situation is overcome through generalized 
» methods of correction of the solution laws for the effect of pressure, based 


upon the high-pressure behavior of pure hydrocarbons discussed above. 


_ While the solution laws in the familiar form given above, p = Px = ry, 


break down at high pressures, they can still be used in the same form 


_ if, instead of the pressure terms which they contain, the fugacities are 


substituted. The fugacity applies only to a single component and never 


_ to a mixture as a whole. Thus, a mixture exerts a total pressure but 


possesses no such thing as a total fugacity. In a mixture, therefore, 


| under pressures low enough for the use of the gas laws, the fugacity of the 


component is the equivalent of its partial pressure. The fugacity is 
designated by the letter f. The subscript P indicates the fugacity of the 
pure component at the temperature in question and 7, its fugacity in the 
pure state at the total pressure zr. Thus, the solution laws become 
fex = fry. On the assumption that hydrocarbon liquids mix isother- 
mally without heat effect or change in volume, and that the same is true 
of hydrocarbon vapors at constant pressure, the fugacities to be employed 
in this equation can be computed from the properties of the pure hydro- 
carbons and, furthermore, it is possible to express them in terms of reduced 
temperature and pressure. The results thus computed are shown in 
Fig. 8. It is seen that the ordinates for this figure are the ratio of 
fugacity to the corresponding pressure. The fugacity itself is obtained 
by multiplying by the pressure. Since the fugacity is the corrected 
pressure, it is clear that the units in which the fugacity is expressed are 
those of the pressure by which this ratio is multiplied. This equation, 
together with the plots, makes it possible to calculate equilibrium con- 
centrations of vapor and liquid under any conditions, irrespective of 
pressure, so long as the underlying assumptions are valid. However, it is 
important to point out that fugacities, unlike partial pressures, are 
not additive. 

The validity of these relationships for hydrocarbon mixtures, both 
simple and complex, has been tested experimentally over considerable 
ranges and found on the whole dependable. However, deviations from 
the solution laws do occur, although among hydrocarbons they are 
usually relatively limited. They are most serious where the hydro- 
carbons in question differ most widely in structure; as, for example, 
between aromatic and paraffinic compounds. Efforts are under way to 
enable one to predict the effect of such differences, but the complete 
solution of this problem rests with the future. Fortunately, in a given 


the sta eesarirrs can no sdeaet reeds as a liquid ot 
saturated vapor of properties different from its own. : 
recognized that such components will dissolve in liquids aid t 
_ arises as to the mechanism of solution and the methods of 
As a case in point, one may well consider the solubility 
various hydrocarbon liquids, data on which have been ob 
Frolich. The results are summarized in Table 1. 


. i ae d 
TaBLE 1.—Solubility of Methane in Hydrocarbon Liquids — voi 


i, ET 
Solvent ind ee 
Atmospheres | iereantiaes | 
I ee ee eee ee eae ee 18 147 
47 188 
60 201 
PRentanté Sis. asi WS dal eee eee 45 183 
75 212 
100 219 
Hexanew: c.,. Sk . PU, Ree Te ee 34 169 
70 192 
90 211 
GCAO. Sisu-c.5 5 susere iets Deus ap attt acai eee ae ae 22 155 
81 191 
104 214 
Cyclohexane:,t3 5. hit agp yap eee 20 345 335 » ’ 
24 343 328 : 
48 308 288 ‘ 
60 298 275 ‘ 
71 300 270 ; 
BENZENE... cosy oie vtiakvov a «sees se 20 571 555 


Column 3 gives the value of P calculated from the Raoult’s Law 
equation, P = ry/z. While there is considerable fluctuation in the 
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computed values, for the paraffin hydrocarbons the average value is 190. 
atmospheres with an average deviation of 18 atmospheres. Cyclohexane 
shows a higher average, 320 atmospheres, whereas benzene shows 475 
_ atmospheres, indicating a distinct trend with decrease in hydrogen-carbon 
ratio of the solvent. Granting one knows the character of the solvent, 
_ this table would put one in a position to calculate the solubility by the use 
_ of these computed values of P. Furthermore, if values thus computed 
_ are plotted against the temperature they are found to constitute, for a 
given type of solvent, a smooth extrapolation of the vapor-pressure curve 
_ for the liquid methane. This is true despite the variations in P for 
different solvents, because it is possible to extrapolate the vapor-pressure 
curve itself to widely different values, without doing violence to it, 
provided the excess temperature above the critical is sufficient. How- 
ever, because of the high pressures involved there can be no logical 
justification for the use of the Raoult’s 
_ Law equation, but rather should one 
calculate and employ an extrapolated J 
value of the fugacity fp, calculated . ene 
from the equation fp = yf,/x. Know- 4c el 
‘ ing the temperature and total pressure 
am, the value of f,/r can be read from 
Fig. 8, and f, obtained by multiplying 
_, by = itself. This quantity thus cal- 
‘culated is shown in column 4 of the aquenin 
table. Here again for the paraffin A PROPANE 
_ hydrocarbons, fp has a value of 173 cis 
atm. + 12atm. However, for benzene 
and cyclohexane the values are higher, 
as was the case with the corresponding 
values of P. Th 
Objection may well be raised Fic. 10.—ReEpDUCED FUGACITIES 
that these values are computed from fionocanmons 
data on the solubility of methane 
alone and apply to no other hydrocarbon. However, it is a 
well-known fact that at temperatures in the neighborhood of 
the critical the fugacitiesof the pure liquid hydrocarbons, expressed 
on a reduced basis, are all substantially the same function of 
the reduced temperature, although at low reduced temperatures marked 
divergencies develop. This being true below the critical temperature 
and the fugacities calculated from solubility data above the critical 
being smooth extrapolations of the fugacity curve below, one would 
expect the reduced fugacities to plot on a single curve common to all 
hydrocarbons. This has been done in Fig. 10. It will be noticed that 
_ the data for the four paraffin hydrocarbons plotted, methane to butane 


we and that thie ae Guan of cacene 
solubility in paraffin hydrocarbons at 25° C., the snes for 7 
shown in Table 1, falls substantially on the extrapolitotl of tk 
The data for the solubility in the paraffins are shown, not as a point 
as a line, the length of which indicates the maximum experime 
deviation from the highest to the lowest of Frolich’s points.* A 
probable error of course is less than half the length of this line. Th - 
data for cyelohexane and benzene are similarly indicated. For these two 
hydrocarbons the reduced fugacity curves would require some curvature 
above the critical temperature. 7 

One is justified therefore in using Fig. 10 for the calculation of the — 
solubility of any hydrocarbon in a hydrocarbon solvent at temperatures _ 
above the critical of the dissolving constituent, provided one knows the 
character of the solvent, whether paraffinic, naphthenic or aromatic. 
An even better method of approach is to use the line of Fig. 10 and, 
instead of measuring the average molecular weight of the solvent (whichin ~ 
production work is the crude oil) by the usual methods, measure experi- 
mentally the solubility of a gaseous hydrocarbon (for instance, methane, 
in the oil) and from this solubility calculate the molecular weight of the 
oil. In other words, the solution laws are not exact, but they can be 
rendered satisfactory for. engineering purposes by various modifications. 
The two suggested above are: (1) to correct the fugacity curve for the 
character of the hydrocarbon solvent, or (2) to use an extrapolated 
fugacity curve and correct the molecular weight of the solvent. 

The nature of the problem will perhaps be clarified by further study 
of Fig. 10. Clearly, that figure is equivalent to the extrapolation of the 
vapor-pressure curve of the liquid to temperatures above the critical point. 
Can any physical significance be ascribed to such an extrapolation? 

As already pointed out, liquids usually mix with relatively little 
change in volume and in hydrocarbons the change is less than the average. 
However, when gaseous methane dissolves in oil under ordinary condi- 
tions, it is certainly mixing with it, and yet the mixing is accompanied 
by an enormous change (shrinkage) in total volume. If the methane 
were compressed sufficiently prior to solution in the oil, it could be brought 
to a volume so low that solution in the oil would occur without change in 
total volume. In this sense the compressed methane would act as a 
liquid from the point of view of perfect solutions. Therefore, despite 
the fact that the methane is above its critical temperature, it is legitimate 


‘The deviations are due partly to a quite definite trend of the calculated values 
of fp with the pressure, the tendency being for it to rise with the pressure for the 
paraffin hydrocarbons and fall in the case of cyclic compounds. Were the solubilities 
in different members of a given group of compounds compared at the same total 
pressures, the deviations would be much less. 


d ves, Ler as a : ee but i in a highly condensed condition that is truly 
d escribed as a liquid state. In this sense, granting the operation of the 
‘ ‘solution laws, the extrapolated vapor pressure, or rather the total pressure 
_ corresponding to the extrapolated fugacity, is the pressure under which 
- gaseous methane will possess a density that will enable it to mix with the 
ge liquid hydrocarbon solute without change in total volume. In other 
_ words, under this pressure, from the point of view of solution, the 
methane, despite the fact that it is above its critical temperature, is in 
_ the liquid state. By the use of Fig. 4 it is easily possible to calculate the 
_ density of methane at the pressure corresponding to the extrapolated 
_ fugacities of Fig. 10. Dr. Lacy has measured the increase in volume of 
~ gasoline and isopentane on solution of methane in them and calculated 
the corresponding density of the methane, obtaining for isopentane 
0.0027 c.c. of methane in the dissolved state for each c.c. of methane gas 
at atmospheric pressure and 30° C., corresponding to a specific gravity of 
_ the dissolved methane of 0.239. The corresponding figures for gasoline 
are 0.00218 c.c. of methane in the dissolved state for each cubic centi- 
- meter of methane gas, corresponding to a specific gravity of dissolved 
methane of 0.295. The Bureau of Mines has published similar data on 
solubility of natural gas in oil. The densities calculated from its data 
are 0.384 for Bartlesville crude, 0.366 for Inglewood crude and 0.479 for 
Seminole. The natural gas contained 14 per cent of ethane and higher; 
obviously higher densities would be expected for this gas than for pure 
methane. Using the line of Fig. 10, the corresponding density of methane 
is 0.164. Using the curve through the cyclohexane data, representing an 
extrapolation of the points below the critical temperatures, gives a figure 
of 0.24, and a similar computation based on the data on benzene of Frolich 
gives a figure of 0.28. The density of methane computed from Frolich’s 
solubility corresponds surprisingly closely with the direct measurements 
of liquid volume available. 

This behavior of dissolving gases can be approached from another 
angle. Thus, it is a well recognized rule that the heat of solution of a 
hydrocarbon vapor dissolving in a liquid solvent is practically identical 
numerically with the heat of vaporization of the dissolving constituent 
at the same temperature. At the critical temperature heat of vaporiza- 

~ tion becomes zero and above the critical temperature in the usual sense 
of the word the concept breaks down. None the less, it is a well-known 
fact that even far above the critical temperature dissolving gases do 
possess heats of solution. In fact, the heat of solution of a gas or vapor 
is the negative of the heat of expansion of the component from the liquid 
to the vapor state. This heat of expansion is the change of internal 
energy given by Fig. 7, plus the change of the pressure-volume product. 
_ In this sense one can describe the heat of solution of a gas in a liquid, at 
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temperatures above the critical of the disco compone! 
tive isothermal heat of vaporization of the gas compressed to. s lic 
density, when expanded to the conditions corresponding to mie vel 
pressure at which it is dissolved. oa 
Attention should be called to the fact that at the rice high 5 
pressures and low temperatures encountered in production work, th e 
amount of a given constituent present in the gas phase decreases extra- 
ordinarily rapidly as the boiling point of that constituent rises. Under — 
usual conditions the amount of butane in the gas is negligible. Obviously, — 
as the pressure falls constituents of higher boiling points will enter the gas 
in progressively increasing amounts but the quantities are computed by 
the same technique. The conditions of temperature and pressure with 
which the production engineer is dealing make his problems from this _ 
angle far simpler than those of his fellow refinery engineers. ; 
To illustrate the utility of this method of approach in the attack of 
production problems, let it be assumed that a well is producing a crude 
of 39° A.P.I., the character of which is indicated by the true boiling-point 
curve shown in Fig. 11. The average molecular weight of this oil is found 
to be 180. These data apply to a sample as it was separated at the top of 
the well from the gases at substantially atmospheric pressure at 79° F. 
The well is producing with a gas-oil ratio of 613 cu. ft. per barrel, the gas 
volume being reduced to 30 in. of mercury and 60° F. The analysis of _ 
the gas as it was separated from the oil is 80.9 per cent methane, 10.1 per 
cent ethane, 6.8 per cent propane __ 
and 2.2 per cent butane. The 
composition of the oil in weight _ 
per cents is: methane 0.045, — 
ethane 0.05, propane 0.147, | 
butane 0.290, pentane and higher 
99.468. Let it be required to 
calculate the volume of gas plus 
oil flowing through the face of the 
9 810 WEIGHT PERCENT OVER ~ “sand at the bottom of the well, 
Fra, 11.—TRvuE BOILING-POINT CURVE OF first, on the assumption that the 
{Ah SS temperature at the bottom of the 
well is 140° F., and the pressure at that point is 735-lb. gage, and, 
second, that the temperature is 80° F. and the pressure 735-lb. gage. 
Consider for the moment one barrel of this oil plus the gas associated 
with it. The oil weighs 42 8.33 X 0.83 = 290 lb. Since the experi- 
mentally determined molecular weight of the oil was 180, one barrel of 
the oil is 2997g9 = 1.615 lb. mols. Associated with the oil is 613 cu. ft. 
of gas. Since 1 lb. mol of gas meng S 378 cu. ft. at 30 in. of mercury and 
60° F., the mols of gas are 61347, = 1.62. It will be more convenient 
to Soeuian not a barrel of oil, but 1 lb. mol of the combined oil and gas. 
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One barrel of oil corresponds to 1.62 + 1.615 mols of gas plus oil, or 
_ 3.235 mols total. Hence, in each mol of the mixture of oil and gas there 
is 0.501 mol of gas and 0.499 mol of oil. 

_ Since the analysis of the oil is given on a weight per cent basis, it will 

Fi desirable once again to shift gears and consider 100 lb. of the oil. 

This 100 lb. constitutes 199/g9 = 0.556 lb. mols. The 100 lb. contains 

0.045 lb. of methane which constitutes 0.045/16 lb. mols of methane. 

- Consequently, the mol fraction of methane in the oil is this figure divided 

by 0.556 or 0.005. Since one mol of the mixture of oil and gas contains 

_ 0.499 mols of oil, multiplying the molal fraction of methane in the oil by 

- this last figure gives the actual pound mols of methane in the oil. Table 2 
__ summarizes the results of similar calculations for the various components. 


TABLE 2 

Mols in Gas Mols in Oil Total Mols 
emer. |, tld VRB be, eios es C8408 0.0025 0.407 
A eee ye tn Eb dh es inbereren IG, 0.051 0.0015 0.053 
Ged. eecdens Gg eRe: SES SG, | See SRS a 0.034 0.0030 0.037 
eee Pee OS. oh eee eae 0.011 0.0045 0.015 
4 Gs and higher .. On ee ay eae) ee 0.4875 0.488 
; 0.501 0.4990 1.000 


q Table 3 summarizes the preliminary computation for conditions of 
140° F. and 735 lb. pressure: the steps in calculation should be obvious 
from the preceding discussion. All pressures are given in pounds per 

_ square inch. 


TaBLeE 3.—Preliminary Computation for Conditions of 140° F. and 735 Lb. 


Pressure 
Component | Te Pe Tr Pr TR fe/P. Se Sn/4 tr a 
Crome PON 674 TT. 74 PP 1145.34 3560 | 0.94 | 704] 5.06 
Corte fee... | S00 A18'| 1509 1.04] 0.944 675 | 0.745 | 555) 1.22 
Gy... oes... o. .. | 869.|-632 | 0.903) 0.488) 1.18] 0.76% 234 | 0.402 | 300) 0.78 
eee ee 5) 4-26) 528, 00782) 0.195) 1.41 |} 0.83 85 | 0.34¢ | 255 | 0.33 


@ Read from Fig. 10 as fp/Pe. 
> Read from Fig. 8 as fp/P—can also be obtained from Fig. 10. 
¢ Extrapolation of Fig. 8. 


Still focusing attention on 1-lb. mol of combined gas and oil flowing 
from the well, but realizing that this mixture will be partly vaporized at 
140° F. and 735 lb. pressure, despite the fact that the amount of vaporiza- 

. tion will be far less than that existing at the top of the well, call the 


total mols vaporized at the tube GEE nd . 
ponent vaporized under those conditions m, an 
component existing in the total mixture n’. The compone 
one is referring in any given instance will be indicated by a 
nz is the mols of methane in one mol of total mixture na in the f 
of vapor under the conditions in question. Clearly, n’ is for each com- 
ponent the figure found in the last column of Table 2. ~ ‘Since one 
total mixture is being considered, of which N mols are in vapor it 
follows by difference that 1 — N must be the total mols of liquid. Simi a 
larly, for each component n’ — n is the mols of that component in the 
liquid state. ; 


TABLE 4 
Component | n' Assume NV = 0.14 B | V, Cu. Ft. Cone. at 
Oi ee ey We ed. 0.285 0.87 “2.38 90.24 
Cx Rtk..3. 3 2A oc iO h05S 0.019 0.63 0.10 5.98 
Ge. Sah Uh anc, cakes. 5 MOZORT 0.010 O28 0.01 3.15 
Cae oes Bieie:s op HOE ed s els COROMS 0.002 0 0 0.63 
0.316 2.49 100.00 


Since one has N mols of vapor containing n mols of a given con- 
stituent, it is clear that the mol fraction, y, of that constituentinthe vapor 
is y = n/N. Similarly, the mol fraction “of the same constituent in 
the liquid is x = (n’ — n)/(1 — N). Since, from the solution laws, 
afp = yf,, it follows that 
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The ratio, fp/f,, is conveniently designated a because this ratio occurs 
repeatedly in the process of computation. ; 
The last equation of the preceding paragraph is soluble by trial and 
error. If one will guess the total amount of vapor existing in the mixture __ 
N, then for each component n becomes the only unknown in the equation _ 
and, therefore, can be immediately computed for each. Clearly, the 
sum of the individual values of n must add up to the value of N. If 
they do not so add up, the value of N assumed was wrong and a new value ‘ 
must be taken until the required check is obtained. The technique of : 
computation will be clear from the second column of Table 4, which repre- 
sents the last step in the process of trial and error when the assumed 
value of N is correct. However, after a little experience the estimation 
of N becomes rapid, since as soon as one has calculated the check (or lack 
of it) for a couple of values of N, one can readily extrapolate to almost 
exactly the value required in the equation. 
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pw correction. Since 7’, and rz are available for each constituent in | 


ei rable 3, the value of u can be read directly from Table 4, and the volume 
2 Eee tinding thereto calculated from the corrected gas-law data. 
has been done in the fourth and fifth columns of Table 4. In other 
_ words, each mol of oil plus gas flowing from the well contains 0.316 mols 
_ in the vapor state and the volume of this vapor is 2.49 cubic feet. 


This 


The oil at the bottom clearly consists of the oil from the casing 


a increased by the constituents of the gas dissolved in it because of the 


higher pressure at the bottom of the well. The amount of these dissolvy- 
_ ing constituents is computed in Table 5. 


TaBLeE 5.—Dissolving Constituents 


Mol Wt. Mols Pounds 

ee es cages cpncacacln, a LO 0.499 89.8 
ut mn anus 16 0.120 1.9 
oa. aude ee eee ea ere T 30 0.032 1.0 
eee fer cp nn ee ee era pad 44 0.024 iil 
Co RAC RS PS Saar ani ee ereei reel 58 0.009 0.5 
94.3 


One could compute the volume of each dissolving constituent and deter- 
mine the total volume of the mixture by adding up that of the component 
but it is probably sufficiently accurate to estimate the decrease in specific 
gravity of the oil. Calling it 0.8, its volume at the bottom of the well is 
clearly 94.3/(62.4) (0.8) = 1.89 cu. ft. Consequently, the total volume 
of oil plus gas is 4.38 cu. ft. It is interesting to note that under these 
conditions the volume of the gas is only 31.7 per cent greater than that 
of the oil, despite the fact that on a molal basis over 31 per cent of the 
total mixture is in gaseous form. Had this 31 per cent existed in gaseous 
form at atmospheric pressure and 140° F., the volume of the gas would 
be over 70 times that of the oil. 

Tables 6, 7 and 8 repeat the computation for the same pressure with a 
lower temperature of 80°. The significant fact in the result is that this 
drop in temperature of only 60° F. has reduced the volume of the gas 
about 40 per cent. 

It is clear that by such a technique the volume of both gas and oil in 
the crude flowing from a well can be calculated as a function of the pres- 


— a in mic pat f 
cases in which both mart and g 


a the = are a Bi rer mixed to 
tial equilibrium. 

Table 6 summarizes the preliminary Aecrpoiistltit for condi 
80° F. and 735 pounds pressure. 


: TaBLE 6.—Computation for Conditions of 80° F. and 735 
( Component Tr Pr | TR 
; 
Oke are ees oe ereeene LO tI) 3. 94 
Oe ate ae oo mets eee gceeche | ACO ees 1.04) 0.62 
Shine ee a Se oan AOC R ES OR2 So Sure ese Caen 
Cesc psd nee ie OL MUe | UO Omens en ncac 


@ Read from Fig. 10 as fp/P.. 
> Read from Fig. 8 as fp/P. (Can also be obtained from Fig. 10.) 
¢ Extrapolated from Fig. 8. 


TABLE 7 
Component n’ Agnme X= 0228 Bz ha rt,| Composition, - 
Cree klk Gas dite dhi Oh dane 0.212 0.93 1.52 92.98 
Chevierss erteereses crs 00508 0.011 0.2 0.02 4.82 
(CT cele er oe eee ATE: 0.004 ORL 0 1.76 
Opies: C5) AA eR EORONS 0.001 0 0 0.44 
0.228 1.54 100.00 
: TABLE 8 
Component Mol. Wt. | Mols | Pounds = 
Ci 16 0.1938 3.1 ! 
Cy 30 0.040— 1.2 = 
C3 44 0.030 las Wi 
Cy... Ws bli ATE Rr ue Pee Re 58 0.010 0.6 F 
Oll-at tops. 5 Wh eh a Oe ee 180 0.499 89.8 A 
0.772 96.0 


Estimating the specific gravity of the oil as 0.79, the total volume of 
the oil plus dissolved gas = 96.1/(62.4)(0.79) = 1.95 cu. ft. This 
makes a total volume of 3.49 cu. ft. of oil plus undissolved gas. 


"DISCUSSION 


DISCUSSION. 
(H. D. Wilde, Jr. presiding) 


_H. D. Wipe, Jr. * Houston, Tex.—These problems are becoming more and more 
“imp ortant. The behavior of the Kettleman Hills and other deep reservoirs can be 
better understood in the light of studies such as Dr. Lewis has made. These data 
will be helpful in making volumetric corrections in proration requiring such corrections. 


E. A. StepHEnson,{ Rolla, Mo.—This paper is one of the best illustrations of 
_ sound teaching I have seen. 


C. E. Rutstrun,{ Bartlesville, Okla.—This paper indicates the need of fundamental 
research. We should encourage research of this nature in order that we may definitely 
predict the behavior of hydrocarbon mixtures under high-pressure conditions. It 
seems particularly important to determine the physical and chemical properties of the 
_ hydrocarbons found in and associated with crude oil. 


B. E. Linpsty,§ Bartlesville, Okla.—Take a high-pressure field with a gas cap at 
3000 or 4000 Ib. pressure. Wells drilled into such gas caps, notably in Kettleman 
Hills and Oklahoma City, have been known to produce large quantities of gasoline. 
This has puzzled many because it has been assumed invariably that high pressure 
causes condensation of the gasoline vapors and therefore high-pressure natural gas 
must necessarily be dry. 

I wonder whether the phenomenon of retrograde condensation discussed by Dr. 
Lewis explains the production of large quantities of gasoline in the instances cited. 
If this is a proper explanation, and large quantities of gasoline vapor do exist in the 
gas caps of fields of very high pressure, it is easily possible that a small gas sample 
bled off at the well head might not be representative of the gas in the formation. In 
taking such a sample, it should be appreciated that gasoline will separate from the gas 
upon reduction of pressure, and care should be taken that such separation does not 
oecur before the gas reaches the sampling apparatus, or that liquid gasoline is not 
lost during the process of sampling. Possibly the best way to get a gas sample from 
these ‘‘gasoline wells”’ is to take the sample at high pressure from the well head while 
the well is producing gas in considerable quantity, but not at a rate that will reduce 
appreciably the well-head pressure below its normal shut-in pressure. 

Is it probable that the gasoline from these wells high on the structure of high- 
pressure fields originates directly from the gas contained in the gas cap, or is it more 
likely that the gasoline existed as a liquid in the formation? 


a 


* Director of Production Research, Humble Oil & Refining Co. 

+ Professor of Petroleum Engineering, Missouri School of Mines and Metallurgy. 
{ Chairman, East Texas Engineering Association. 

§ Senior Petroleum Engineer, U. S. Bureau of Mines. 


Theory and Practice of Directed Drilling 


By R. E. Auien,* Los ANGELES, CaLir. 
(Los Angeles Meeting, September, 1933) 


One of the most unusual oil-field engineering accomplishments of the 
past two years is the development and rapid advance in the directed 
drilling of wells. Directed drilling as referred to herein is the controlled 
steering of the drill stem in the required direction to a given location in 
the oil sand. 


SECTION SECTION SECTION SECTION 
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PLAN PLAN PLAN PLAN 
VERTICAL INCLINED CURVED CROOKED 
STRAIGHT HOLES DEVIANT HOLES 


Fie. 1—Typrs oF HOLES. 


The deliberate drifting of holes is an act so far removed from what has 
been considered good drilling practice that all of the old questions of 
correlation, drillability and production difficulties are revived. Only a 
few years ago, during the boom days of Seminole and Santa Fé Springs, 
the crooked-hole problem, as it was then called, occupied a primary 
position among the topics of the day in the fields of California and the 
Mid-Continent. The net result of all the discussion and study at that 
time was the conclusion that oil wells should be drilled with as little 
deviation from the vertical as possible and that crooked holes with elbows 
and dog legs were to be avoided because of the drilling and producing 
difficulties encountered therein, but that many nonvertical holes were 
slanting or angling rather than crooked and were not a serious problem. 


* Assistant Oil Umpire of California. 
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DirREcTED DRILLING 


7 ie: 1 illustrates the general types of holes that may be drilled and 
explains why some nonvertical holes are not crooked and offer no particu- 
lar drilling or producing difficulties because their course is such that no 
alternate reversing stresses are imposed on drill pipe, rods or tubing. 
The perfectly vertical hole is probably the scarcest thing in the oil fields 
_and the slightly to severely crooked hole is probably the most common 
type because hole-straightening efforts frequently result in angular and : 
directional changes and the consequent formation of a dog-leg hole. 


Fia. 2.—RELATION OF HOLE SLANT TO OIL-SAND PENETRATION. 


The directed hole, if successfully controlled, may have no bends but 
rather a course gradually deviating farther and farther from the vertical 
so that when the oil-sand objective is reached it is not uncommon for 
holes to be 60° from the vertical. 

Fig. 2 shows one practical application of directed drilling that may be, 
and has been, made in securing greater oil-sand penetration, with its 
current and ultimate effect on productivity. 

Directed drilling, although still comparatively new in the oil-produc- 
ing business, is a practice of many years standing in the mining of metals 
and nonmetals where it is common to drill several radiating holes from 
one location for the purpose of blocking out orebodies and mineral 
deposits. In mineral-survey holes the depths are relatively shallow com- 


pared with deep oil wells, but the requirements of d 
accurate hole surveys are even more exacting than witl 


THEORY AND 


ADVANTAGES OF DIRECTED DRILLING 


Oil wells are not drilled primarily to survey the oil sand, so the on 


reasons for drilling deviant holes are to save expense or secure more oil. 
production. Just as many other practices have both a proper use and an 
abuse, so has the directed drilling of 


oil wells. However, the use that 
may be made of the practice does 
not affect the consideration due it 
as a drilling accomplishment. 

One use to which directed 
drilling may be put is that of avoid- 
ing the expense of drilling on an 
inaccessible surface location, such 
as a submerged or precipitous one, 
by using a more convenient and 
accessible location as a drilling site. 
Sometimes considerable depth of 
hole may also be saved by drilling 
from a topographically lower loca- 
tion, as shown in Fig. 3, which 
illustrates conditions _in some 
Ventura County areas. 

Another important use of 
directed drilling is found in offshore 
drilling in the ocean fields of Cali- 
fornia and the lake and bay fields 
of the Gulf Coast and Venezuela. 
In many such fields the cost of an 
adequate foundation for the derrick 

Fic. 3.—Usm or DIRECTED DRILLING TO CXceeds the cost of drilling the well. 

OVERCOME CONDITIONS OF INAccESSIBILITY In such locations it is possible to 
RANE RA CONT: Cia ie drill several holes from one foun- 
dation and derrick and by properly directing the holes an area equal to 
that of six or seven normal locations may be penetrated and drained. 
The possibilities offered by directed drilling from isolated ‘‘steel islands” 
such as that pictured in Fig. 4 are most interesting. Such an island 
or pier-connected foundation may very well serve as the drilling site for 
seven wells as illustrated in Fig. 5, which indicates a plan for a rea- 
sonably vertical center hole surrounded by six holes sprangling out in 
-as many directions, the general effect being that of a Maypole with six 
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_ ribbons leading down and away from the top of it. No serious mechani- 
eal difficulties confront such a practice and it is evident that the saving 
of expense would be considerable even though foundations cost no more 
than $40,000 each. Another saving that might be made lies in the 
_ possibility of drilling two holes simultaneously or at least concurrently. 
By exercising some ingenuity drill pipe might be run into an adjacent. 
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Fig. 4.—DRILLING FROM AN ISOLATED STEEL ISLAND. 
Fic. 5.—DIAGRAM OF MULTI-HOLE POSSIBILITIES ON A SINGLE LOCATION. 


hole as pulled from one hole, thereby eliminating the racking of most 
‘of the pipe and virtually halving the combined round-trip time of 


the holes. 


PrRactTicaL PossiIBILITIES 


Various actual applications of directed drilling are illustrated in Figs. 
6 to 9 inclusive. Fig. 6 illustrates a condition where directed drilling has 
been used for crossing a fault to obtain production in the Mount Poso 
field. Fig. 7 is a generalized representation of conditions at Huntington 
Beach, where it is necessary also to drill through a fault to reach the oil 
that lies beneath inaccessible and submerged offshore locations. Fig. 8 
illustrates a condition in the Long Beach field where one well is located 
so as to be unproductive if drilled vertically and had to be directed up- 
structure to obtain production, whereas the other well presents one of the 
most unusual cases known because of the fact that it drills upward into 


38 THEORY AND PRACTICE OF 
the oil sand and shows a well in which the water € exclu 
string is really bottom water. High gas-oil. ratios in the t 
O’Connell zone at Santa Fé ig led to the earn down a 


was thus setae 

The foregoing uses and euanene 2 
of directed drilling show its practical 
possibilities. Although the ethics © 
or legal questions involved in 
directed drilling are not the concern 
of this paper, it may be remarked 
that the intentional crossing of prop- 
erty lines is generally considered 
to be an abuse of the practice 
because of the trespass thus com- 
mitted. To discourage such abuse, 
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VERTICAL AND HORIZONTAL 


general effect that the deviation of 
a well shall not be sufficient to 
extend beyond the boundaries of 
the property on which it is located. 
Thus a large property would be the 
first essential of a directed-drilling 
program that was not intended to 
take oil belonging to others. 


ActuaL Practice INVOLVED 


The actual technique employed 
in directed drilling is based chiefly 
on experience, there being only a 
handful of men who can guarantee 


Fig. 6.—EXAMPLE OF DIRECTED DRILL- 2 
ina In Mr. Poso rreup, Kern County, to complete a hole on any specified 


F ‘ ° ‘ . S 
a he tae acre within a circle having the 


surface location of the well as its center and with a diameter equal to the 
vertical depth of the hole. The practical range of directed drilling isillus- 
trated in Fig. 10, in which it is shown to be perfectly feasible to bottom a 
well at a distance from the derrick equal to approximately one-half of the 
depth of the well. 

Next to experience the most important requisite of successful directed 
drilling is a knowledge of the position of the hole at all times. This 
information is supplied by the various well-surveying services that have 
established a reputation for accuracy and dependability. The actual 
drilling of the hole is done with the aid of such devices as bent drill collars 


laws have been proposed to the ~ ¥ 
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ill singles, side hill and specially dressed bits, knuckle joints, fixed 
1 removable whipstocks, variable drilling weights and other para- 
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Fic. 7—Directep DRILLING, HUNTINGTON Bracu, ORANGE COUNTY, CALIFORNIA. 


phernalia. Like many other accomplishments, however, it is not so 
much the equipment as the ability to use it properly that is important. 
Efforts at directed drilling by novices have generally been dismal failures. 
It is to be assumed, of course, that more experienced men will become 
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available as the practice develops : 
gradually cease to be a trade secret, 
up to now. 
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Fia. 8.—DrrEctep DRILLING, Lona BEACH FIELD, Los ANGELES County, CALIFORNIA. 


It is not unlikely that the directed drilling of oil wells under special 
conditions will continue, now that such drilling is so readily accomplished 
and if properly done does not cause production difficulties. 


- BUCKBEE ZONE 


. 9.— DIRECTED DRILLING IN SAnTA Ff Sprines FrevD, Los ANGELES CounTy, 
CALIFORNIA. 
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Fic. 10.—PRAcTICAL RANGE OF DIRECTED DRILLING. 


Instrument and Equipment for Recording cere 
Pressures — 
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By Ernest K. Parxs* anp C. W. Grsss,* Tart, CALir. 


(Los Angeles Meeting, September, 1933) 


development of a device for obtaining temperatures and pressures in 
flowing and shut-in wells and of suitable running equipment for such 
a recorder. Although simple in principle, the recorder has required 


much experimental work in its development. The various problems — : 
have now been solved to such an extent that it is believed that the appa- _ 
ratus affords a sturdy and reliable means for obtaining information | 


regarding depth pressures,—apparatus that may be turned over to a 
well gang for routine operation. 


As an example of the rough usage the device will withstand a recent © 


incident may be cited. Owing to failure of the lowering line at the 
conclusion of a run a recorder was dropped some 6300 ft. through 214-in. 
tubing filled with gassy oil. The device was fished out undamaged and 
with the pressure record intact, although the instrument had been sub- 
jected to a pressure greater than 2300 lb. per sq. in. for some 24 hr. after 
impact at bottom. 


DESCRIPTION OF RECORDER 


The instrument is of the continuous recording loaded spring type 
(Fig. 1). Temperature is not recorded continuously but is obtained 
by maximum. recording thermometers in an auxiliary thermometer well. 
The entire instrument assembly, from bottom of the recorder to top 
of the socket, is 614 ft. long and weighs less than 25 lb. The maximum 
outside diameter of the recorder shell is 144 in., and all attachments 
need be no larger. This permits lowering the Dene inside 2-in. tubing. 

The operating principle is simple. The well pressure acts upon a 
piston A resisted by the extension of spring B. The spring deflection 
is recorded by a stylus C upon paper within the recording drum D. 

Springs—To improve accuracy at lower maximum well pressures 
five interchangeable spring assemblies are used. These have maximum 
pressure ranges of from 250 to 5000 lb. per sq. in. Piston diameter is 
the same in all cases, and each spring is designed for a deflection of about 
5 in. for maximum pressure loading. A complete spring assembly there- 


* Petroleum Engineer, Standard Oil Company of California, 
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In 1929 the Standard Oil Company of California one the» 
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Fig. 1.—DIAGRAMMATIC SKETCH OF DEPTH-PRESSURE RECORDER. 


EQUIPMENT FOR RECORDING 7 aaa } 


actuating piston A, aoanied asa nies in the lower ie Paw 
Pressure Joints and Seal.—Well pressure is excluded froni the in 
of the device by screwed and permanently gasketed joints E and 
and the seal F around the piston. The effectiveness of the pres 
seal is increased by the oil-seal tube J. Bottom cap G is filled with clean 
oil to the level of pressure-inlet port H. Oil forced into tube J surrounds” 
the piston with a clean oil seal when the well pressure is applied. 
The pressure seal F consists of leather C-cup closely fitting the piston — 
and placed in a machined recess in the lower plug. This type of seal has © 
been effective in tests up to 5500 Ib. per square inch. In practice there 
is usually a leak past the seal of from 2 to 3 cu. cm. of liquid per run. 
The piston is guided by a bronze bushing and the hardened sliding thimble 
K’. Friction due to cup leathers and guides is appreciable but is mini- 
mized by selection of materials used and careful polishing of the barrel. 
Experience has indicated that friction effects can be safely taken care | 
of through periodic calibration. 
Recording Portion.—Plain white metallic sensitized paper, upon which 
the brass stylus tip traces, is curved and placed inside the hollow record 
tube. This is turned by a device L. At present this is a so-called 
“thermal motor” but clockwork mechanism possessing somewhat 2 
greater flexibility is now under test. The thermal motor and record tube 
are assembled as a unit and rest upon shoulder M, being held in place by 
a lock nut at the top (not shown). The thermal motor is a double 
bimetallic helix, one end of which is secured to the motor case, the other 
to the drive shaft. By this means the motion of the helices under changes 
in temperature is transformed into rotation of the drum. It should, of 
course, be clear that it is not the temperature differential in the well itself 
that operates the motor, but rather the full differential between atmos- 
pheric and depth temperatures. To delay heat transfer and thus slow 
down the response of the helices, the thermal motor is insulated from the 
recorder case. 
; Temperature Record——A maximum temperature for each run is 

obtained by the use of a regular armored maximum recording ther- 
mometer. For check purposes two are used. They are taped together 
and immersed in a mercury bath in the thermometer section O, which 
must also be pressure-tight. The recorded temperature is that at the 
lowest depth to which the recorder is lowered. The four or five minutes 
required for making a pressure observation is deemed sufficient to obtain 
the temperature record. 1 

Socket—On top of the thermometer section is a wire-line socket. 
Many types of sockets and methods of wire tying are in use, but a double 
lap around a }4-in. pin followed by twisting the end around the wire has 
been found satisfactory. The figure is self-explanatory. 
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Fishing Tools——A small set of jars may be run with the equipment, 
or may be useful in case a wire-line failure necessitates fishing. Slight 
alterations to a standard %-in. sucker-rod socket makes this device a 


_ simple tool for picking up either the top of the recorder or the 1)4-in. 
_ diameter body. 


Pressure Observations 


A typical record is shown in Fig. 2. The zero line of atmospheric 


pressure is made prior to a run by giving the assembled recording device 
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Depths of voriovs stops op- 
posite the record ore noted by 
gperoror. , 

Distance L indicates pressure 


Pressures ore a8 observed 
on tester. . 

Distance "18 olisplocement 
Yor noted pressure. 


LINE OF ZERO PRESSURE 


LINE OF ZERO PRESSURE 
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Fic. 2.—TF RACING ON RECORD CARD OF [Fic, 3.—TRACING ON RECORD CARD OF 
OPERATING RUN. CALIBRATION RUN. 


one complete revolution before screwing on the cap. The instantaneous 
rise to A represents the sudden application of well-head pressure before 
the instrument is lowered into the well. The record AB represents the 
gradual increase in pressure as the instrument is lowered. The wide 
trace is caused by vibration of the stylus due to jarring of the instrument 
against the walls of the tubing. The horizontal line BC is a trace of the 
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stylus while the instrument is at rest at a desired depth, which is recorded 
in the operator’s notes. When the stylus traveled from B to C it crossed 
the abutted edges of the record card within the recording drum. The 
line CD results from further lowering of the instrument and DE is a 
second observation. The line at the top of the graph is the final observa- 
tion, and the trace GH is the path caused upon withdrawing the recorder. 
The vertical line from H to the zero line results from removal of well 
pressure and a return to atmospheric pressure. The perpendicular 
distance L from the zero line to any of the horizontal observation lines is 
a direct measure of the distance the spring has been stretched by the 
pressure load. The heights thus 
measured are converted to equiv- 
alent pressure readings by the use 
of calibration charts. 


Calibration 


A dead weight tester is used 
for applying pressure for calibra- 
tion. A typical calibration card 
is shown in Fig. 3. Since both 
well temperature and vibration 
affect friction, and hence spring 
deflection, calibration is carried 
on under simulated well-vibration 
conditions and at various tem- 
peratures. The calibration equip- 
ment is shown in Fig. 4. On the 
right is a dead-weight tester con- 
nected by copper tubing to the 
=| pressure-inlet port of the bottom 

Fie. 4.—Ca.iBRATION EQUIPMENT. cap. Pressure applied by the 

pressure screw of the tester is 
thus transmitted against the piston. The ring plates clamped around 
the recorder are to facilitate vibration of the instrument in the water 
bath and to protect the bottom pressure connection from being jarred 
loose. In the center of the figure is the container for holding the instru- 
ment in a water bath. This is a piece of 4-in. casing welded closed on the 
bottom, equipped with legs and with two thermometer wells. Vibration 
is accomplished by rapidly shaking the instrument in the container from 
side to side. Calibration consists of a record at five or six intervals over 
the range of the spring repeated at several temperatures. Since in each 
case the pressures are recorded at a constant temperature the recorder 
drum must be rotated by hand. The results are plotted on a graph as 
in Fig. 5. As an example of the use of the graph, suppose that a distance 
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n Fig. 2 is 2 in. and the temperature at that depth is measured or 
calculated as 180°. Assuming that the graph of Fig. 5 is for the same 
Spring as is used in the well, the value of the 2-in. displacement at 180° is 
: es from the chart to be 1220 lb. per square inch. 
It is obvious that the temperature at which the well pressure is 
Vobsorved must be known. This is approximated by having a suitable 
_ temperature traverse for the well concerned. Frequently wells in the 
same field are so nearly alike in this respect that separate traverses need 
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Fic. 5.—PoRTION OF CALIBRATION CHART. 


not be made. In these instances it has been noted that temperature 
increases quite uniformly with depth. Thus, knowing the surface 
temperature and that at a certain depth from the maximum thermometer, 
a straight line is drawn between the two points and theintermediate 
temperatures can thus be estimated. 


Accuracy 


Check runs in the same well have been found to agree within less than 
one per cent of the maximum spring range. Runs made in columns of 
known density—such as water—have shown equally good results. As 
stated before, the absolute accuracy of the equipment depends largely 


slight changes from oe to time tins in lowed spring ring des n, goo 
manufacturing practice and thorough inspection. edi rus, Fb aR 

Brief mention may be made of the possible error in vendita caused by 
introducing the recorder in the flowing stream. Doubtless the device | 
interferes somewhat with normal flow and hence alters the pressure 
indications, particularly where the tubing is small and the velocity high. 
Since, however, the weight of the recorder is only some 20 lb. per sq. in. _ 
of cross-sectional area, it is believed that where the recorder will enter the — ' 
stream and fall against upward flow, the maximum error due to restric- 
tion is less than this figure. In static pressure readings no similar error, 
of course, is introduced by the instrument. 


OPERATING EQUIPMENT 


The Line.—The recorder is run on a single 10,000-ft. length of wire of 
0.064-in. diameter with an ultimate strength of about 800 1b. The wire 
seems to be very stiff but with care to prevent kinking it has been found 
quite suitable. The line is an easily obtained commercial product. : 

The Hoist.—The hoist may be one of several varieties. Fig. 6 4 
illustrates a shop-made hoist mounted upon a steel beam bolted to the 4 
rear end of an automobile. The power take-off is supplied by a V-belt, 
which is represented by a rope in the photograph. The geared ring on the 
left flange is for the purpose of allowing the reel to be turned by a hand 
crank. At the conclusion of a run the jack hoist is unserewed and 
removed from the slotted base, the belt is removed and the hoist is slid to 
the right, and secured to the I-beam by a bolt. The use of this hoist 
involves the jacking up of a rear wheel of the car and necessitates an 
operator at the wheel and also at the brake. An improved but more 
expensive arrangement is shown in Figs. 7 and 8. The hoist is driven by 
a V-belt connected to a pulley driven by a power take-off from the truck 
transmission. The hoist, frame and power take-off are parts of a com= 
mercially manufactured unit. 

The Lubricator.—The principal features of the lubricator assembly 

are the 2-in. lubricator body, flange, bleeder valve, stuffing box, hoist 
bracket and sheave. A longer lubricator must be employed if jars are 
run with the pressure recorder. In fields where pressure runs are routine, 
a valve and half flange remain on top of the Christmas tree as permanent 
well equipment. The lubricator is hoisted into position at the top of the 
tree by a rope that passes over a block hung on a small cable stretched 
diagonally across the derrick. The cable and tackle are also perma- 
nent fixtures. 

Floor Sheave.—In Fig. 9 the man on the left holds the recorder and the 
special wrench used to prevent deformation of the recorder case. ‘The 
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MORE EXPENSIVE HOIST 
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man on the right holds the lubricator and a ratchet wrench use 
opening and closing the gate valve just below the lubricator flange. 
On the floor at the left is bolted the floor sheave under which the wire line 
from the truck passes to the lubricator sheave. This sheave is protected . 
by a slotted guard and is mounted on a swivel bearing. 


OPERATION 


A full crew for deep, high-pressure well tests consists of a gang pusher 
to operate the hoist and two roustabouts. On lower pressure or shallower 
wells two men have satisfactorily operated the automobile wheel-driven 
hoist and equipment first described. 
The time required for a run varies 
with the type of test made as well 
as with the distance from head- 
quarters to well. A simple pres- 
sure traverse of a 7000 to 8000-ft. 
well requires from 45 min. to an 
hour for the actual run. Rigging: 
up, pulling out and traveling time 
increase the total time required for c 
arun. On the average, however, a : 
schedule of simple pressure obser- 
vations on at least two such wells 
per day can be maintained. 

A typical set-up is shown in Fig. 

10. Fig. 11 shows two members 
of a crew making up a pressure 
joint just prior to arun. 

The speed with which the 
recorder is lowered in a_ well 
, depends somewhat upon the flow 
conditions. In shut-in wells, and 
in those wherein the resistance of 
the rising column is not too great to 
interfere, lowering speeds of 600 to 
1000 ft. per minute are employed. Normal hoisting speed ‘is 600 ft. 
per minute. Limiting well flow and lowering speed relations can 
hardly be given definitely. The speed at which the device will drop in a 
flowing well depends upon the density and velocity of the rising column, 
which in turn depend not only on tubing diameter and flow rate, but 
also upon pressure, temperature, degree of heading or slugging, gas-oil 
ratio, etc. Occasionally flow conditions have been encountered against 
which even additional weighting of the recorder would not permit lowering 
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into the well. Although not necessarily representing limiting cases, the 
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Fic. 10.—TYPicaL SET-UP, WITH HOIST ON TRUCK AT LEFT. 


illustrations in Table 1 of rates, pressures, etc., against which the instru- 
- ment has been lowered successfully 
may be of interest. 


Uses To Wuicu INSTRUMENT 
Has BEEN Put 


Shut-in Depth Pressures.—Pres- 
sures at various depths have been 
taken periodically in shut-in wells. 
Where the well is normally produc- 
ing the shut-in traverse is made 
after an arbitrary shut-in period of 
24 hr. Thus from time to time is 
obtained a measure of the decline 
in reservoir pressure in the area 
immediately surrounding a well. 
In certain instances there have 
been opportunities to study pres- 
sure variation in wells continuously 
shut in over a period of months. 
Such readings give information on 
the larger question of general pres- 
sure decline in the reservoir. 
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Pressure ‘‘ build-up” data have been obtained ina 
Such data are obtained by recording at successive s. rt int 
the depth-pressure changes following the shutting in of pro 7 
well. These data bear upon permeability of the producing formation. at 


Taste 1.—Conditions Against Which Instrument Has Been Lowe ed 
‘ Successfully = 
: Surface 
fer bey Gas-oil Ratio Bnak-preccated Lb. 
434-in. flow string........ 4,900 700 600 
1,700 17,000 : 1,100 
G-10s bU DID ee cee eee 2,600 2,700 650 
1,300 1,000 260 
650 19,000 1,420 
2)¢-in. tubing............ 2,400 800 250 
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Flowing Depth Pressures.—Traverses of flowing wells have been made 
and used in the study of efficient flow-string design, friction, and head 
losses, etc. The indicated drop from shut-in pressure while flowing at 
various rates has been used in the preliminary study of well spacing, 
drainage, permeability of formations, and so forth. 

Miscellaneous——The recorder has been useful in indicating mud 
bridging in the lower portion of wells in addition to locating the height of 
water or oil column present in certain shut-in wells. Other specific data 
of interest have been obtained, such as proof that an upper sand had 
a higher pressure than one directly underlying it in a recent test. Such 
information has a distinct value in guiding production practices. 

Doubtless each engineer could enumerate a number of special studies 
that could be made of conditions peculiar to his own situation. It is not 
believed that depth-pressure study alone represents the solution to all 
development and production problems. It is indicated, nevertheless, 
that reasonably reliable basic data can be obtained without hazard to 
wells and at not too great expense, and that such data have possibilities 
of being helpful in modern development and production practice. 
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Formation Testers 


By Frank E. O’Ner1,* Los ANGELES, CALIF. 
(Los Angeles Meeting, September, 1933) 


Tux formation tester, as the name implies, is a tool built for testing the 
contents of sands encountered in drilling wells without actually cementing 
casing on the sand. : 

The tester was developed in the Mid-Continent and has been in use 

commercially there since about 1926. However, some two dozen patents 
have been issued on formation testers dating back to the seventies. The 
method apparently was an outgrowth of the old Mother Hubbard grain 
or bean packer, used around casing before the days of cementing casing. 
These packers were also seated in a tapered hole and if the formation 


tested was not satisfactory the casing was pulled loose and the hole taken — 


down to another formation. A great deal of experimental work has been 
done in its development, and as a result of this work the formation tester 
became an accepted integral part of the petroleum development 
in California. 

The formation tester was introduced into California some three years 
ago by M. O. Johnston. Months of discouraging and expensive work 
followed its introduction into this state, but one organization after another 
tried the tool and its use is now fairly general. Shortly after Johnston 
began testing in California, the Halliburton tester was also introduced 
into the state and now another tool is being introduced, the Shaffer- 
Boles tester. 


PRINCIPLE AND OPERATION OF TESTERS 


The principle employed in all formation testers is that of packing off — 


the fluid in the hole above the formation to be tested and thereby pre- 
venting it from having access to the testing tool. This permits the fluid 
contained in the given formation to have unrestricted access to the tool. 
It is accomplished by running the tool and packer on the bottom of the 
drill pipe; the valves in the tool being closed while going into the hole to 
prevent fluid from entering the drill pipe. The packer is then seated at 
the desired point, trapping the drilling fluid above it. When this has 
been done, the valves in the tool are opened and the fluid from the 
formation is allowed to enter the empty pipe through the tool. If the 


* Chief Engineer, Johnston Formation Testing Corporation, Ltd. 
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pipe is run entirely empty, this process opens the formation being tested to 
‘ E atmospheric pressure. In other words, it is bailed dry in an instant. 


If it is not considered wise to open the particular formation to atmos- 
phere, any desired back-pressure can be maintained upon the formation 
by running fluid into the drill pipe before the valve is opened. 

A wet cloth placed over the top of the open drill pipe normally offers 
adequate indication of the progress of the flow, as fluid entering the lower 
part of the pipe exhausts the air, contained in the pipe, at the surface. 

If the fluid packed off between the drill pipe and the hole does not fall 
when the tool is opened, it is reasonably certain that the packer is holding 
and that whatever fluid comes into the drill pipe has come from below the 
packer. If, on the other hand, the fluid that is packed off falls when the 
tool is opened, it is certain indication that the packer is not holding and 
that the fluid entering the drill pipe is coming from above the packer. In 
other words, if the packer does not hold, the fluid behind the drill pipe 
will equalize into the drill pipe if the valve is left open. When this 
occurs, the valve is closed immediately, to prevent the rush of fluid 
around the packer and into the drill pipe. There is nothing on a test 
more important than to watch the fluid between the drill pipe and the 
hole when the tool is opened. 


Types or TESTERS 


There are two general types of testers: (1) those operated by rotating 
the drill pipe (Halliburton and Shaffer-Boles); (2) those operated by 
raising or lowering the drill pipe and by use of a go-devil dropped through 
the drill pipe (Johnston). 

The valve in the Halliburton tester (Fig. 1) is opened and closed 
by means of beveled gears contained in the tool, and operated by rotating 
the drill pipe. The valve in the Shaffer-Boles tester (Fig. 2) is opened and 
closed by means of screw threads similar to the Shaffer bean and is 
operated by rotating the drill pipe. The valve in this tester is closed by 
reversing the direction of rotation. 

The Johnston tester (Fig. 3) is operated by raising and lowering the 
drill pipe. It has two valves. The main valve is controlled by a heavy 
spring, like the springs on the trucks of a box car. The valve is opened, 
after the packer is seated, by giving the pipe weight and is snapped shut 
by the spring whenever the pipe is picked up enough to relieve the weight. 
The tension on this spring is set according to the depth of the test. The 
second valve, the trip valve, is opened by a go-devil dropped through 
the drill pipe when the test is ready to proceed. The go-devil is recovered 
when the tool is pulled from the hole. 

While formation testers were designed primarily for use in open holes, 
they have been adapted successfully in California to water shut-off tests 
on casing and have been accepted by the California State Division of Oil 
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tester to this new use was reat 1 iibas tt possi 
through the cooperation of the Standard Oil Company of California 
other enterprising operators. During the past 18 months there hav 
been well over one hundred successful shut-off tests of the formation 
tester run for the state. AS 


Tue Strinc or Toois 


The tools employed in making a test with the formation tester include 
the testing tool, the equalizing valve, the packer and the anchor. 

The testing tool, as developed in the Mid-Continent and introduced 
into California, was already equipped so that fluid could be circulated 
through it by means of the pumps. The California work presented a 
new problem to the testing business, that of depth. Great difficulty was 
encountered in lifting a packer of any kind off the seat in the deep holes. 
The extremely hard pull required to unseat the packer endangered the 
drill pipe and the well and made the operators skeptical about using the ~ 
tool. To eliminate this danger, Johnston designed and built an equal- 
izing valve to be placed between the tool and the packer, which solved the 
difficulty and is now used regularly in one form or another as part of all 
of the testing tools in California. The function of the valve is to equalize 
the pressure above and below the packer when the test is completed. 
When the tool has been closed after the test, the equalizing valve is 
opened and through this valve the fluid that has been trapped above the 
packer is turned down through the packer and discharged against the 
formation that has been producing, thereby replacing the fluid taken 
out from below the packer and relieving the partial vacuum or reduced 
pressure caused by the removal of fluid. With the pressure equalized 
above and below the packer, only a slight pull is needed to lift the packer 
from the seat. The valve also serves another important need; when 
the equalizing valve is opened, it turns the mud from above the packer 
down on to the producing formation and instantly kills the well. This 
mud has not been exposed to the flow of the well through the tool and is 
not gas-cut or shot through with oil. It is clean, fresh mud, and it is 
discharged at the bottom of the pipe, which is the most effective place 
for killing a well. 

Another difficulty arose in the California work. No casing tests had 
been run in the Mid-Continent, and it was necessary to develop a safe 
and effective packer for casing tests. The packers in use in production 
work were found to be inadequate. They had been designed to run 
through a relatively thin fluid, after a well had been cleaned up for 
production. It was discovered that running such a packer through 
heavy mud, at a greater speed than tubing is usually run, caused the 
packer rings to expand from fluid pressure while going into the hole and 
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thereby made them useless by the time they reached botto | 
the packer to set before bottom was reached. Johnst ‘met 
culty by placing a bypass through the packer, which would permit 
mud to pass upward through the packer while going into the hole and 
off with a valve when the packer was seated. After the original byp. s 
was designed, the opening was found to be too small, so he designed 
another packer with a sleeve inside the rings and a larger bypass. nis 
work successfully eliminated the ring troubles. 

The long slip reins on the casing packer were difficult to keep in diate 
and frequently broke, leaving a slip in the hole. They also caught what- 
ever debris there was in the mud from drilling out the cement plugs. This 
was corrected by using short reins and dovetailed slips. Still another 
difficulty was encountered and overcome in obtaining slips that would 
take the necessary weight and would hold in the hard casing, particularly 
the grade D pipe used in Kettleman Hills. A casing packer can be 
designed so that it will pack off every time, but the restraint that is 
constantly placed upon the designer is the necessity for having the packer 
so constructed that it will not be difficult to get out of the hole. The 
wrong construction can cause a packer to stick to the degree of danger. 
Today the packer used for casing tests in California packs off successfully 
95 per cent of the time and is safe to run. 

The anchor used on the bottom of the string of testing tools is merely 
a short perforated nipple, closed on the bottom to serve as a screen. 


Tests Mapr In Open HOLE 


The same testing tool is used for testing in the open hole as for use in 
casing but the packer employed in each case is different. For open-hole 
work, there are two types of packers; the wall packer or straight-hole 
packer and the shoulder or bottom-hole packer. 

The wall packer is used when packing off against the walls of the hole 
where there is no pilot hole ahead for a shoulder. It is a rubber sleeve 
mounted on a mandrel that can be collapsed vertically. To the lower 
support for this sleeve is attached sufficient pipe, containing some per- 
forations, to reach from the point of packing off to the bottom of the hole. 
When the weight of the drill pipe is let down upon this supporting 
anchor, the sleeve is compressed and squeezed outward against the walls 
of the hole, thereby packing off. This type of packer can be used effec- 
tively in holes of small diameter, 7 in. or less at depths up to 5000 ft. In 
holes of larger diameter, or deep holes, it is difficult if not impossible to 
pack off with this kind of packer. Under such conditions, the rubber 
sleeve will usually be forced over the lower support and down upon the 
anchor when the tool is opened, resulting in failure to pack off. Even 
though this method should pack-off successfully, there is danger of 
freezing the long anchor. A left-hand thread is run ordinarily at the 


_ it is necessary to back off and wash over in order to recover it. 
“aiacThe straight-hole method of testing is not recommended. The best 
- method of packing off in formation is by means of the shoulder or bottom- 
hole packer, in which there is relatively little danger. A pilot hole is 
_ kept ahead of the big hole, leaving a shoulder of several inches between 
the two. The packer rests upon the shoulder at the top of the pilot hole 
and packs off by weight rather than by expansion. The packer for this 
work is made of disks of canvas or rubber belting slipped over a rigid 

mandrel and drawn tightly together by means of a large nut on the 

bottom. A short perforated anchor is attached to the bottom of the 
- packer purely as a strainer to keep large particles of formation from 
entering the tool and plugging up the small openings in the tool. If this 
packer sticks, the mandrel can be pulled through the belting disks, leaving 
only the belting in the hole, which can be pumped out. Such packers 
have been run successfully to depths below 9000 ft. This kind of packer 
requires only enough foresight to carry a shoulder in the hole when the 
danger zone is reached, and it offers the operator the greatest pos- 


_ sible security. 


PREPARATION OF SHOULDER 


A few important points need to be considered in preparing a shoulder 
in a well for future testing: (1) A pilot hole should be carried ahead; (2) 
the taper on the shoulder should be carefully made; (3) the taper should 
not be cut on the shoulder until the last run before the tool goes in; 
(4) the testing company should be consulted concerning the details. 


OPERATION OF PACKERS 


Formation packers require a certain amount of skill in their operation, 
which is born solely of experience. When formation tests are placed in 
the hands of experienced men, the percentage of successful runs is high. 
On shoulder packers probably better than 80 per cent of the runs are 

| successful if entrusted to thoroughly seasoned well men. 

: The shoulder packer will pack off in firm sand about as well as it will 
in shale. The formation should be examined in the cores where the 
packer seat is to be made. If the formation is badly fractured it is next 
to impossible to make any kind of packer hold. Hard shells form splendid 
seats for packing off if they have not been fractured. - In some areas the 
shale, although it appears to be very firm, will not hold a formation 
packer, and it is necessary to go to the top of the sand in order to get a 
satisfactory seal. The testing companies can offer the operator, in some 
cases, the benefit of experience that will be of assistance to them in 


choosing a suitable seat for packing off. 
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Some of the difficulty of scene where t e diy 
the formation is slightly fractured, can be elimina 
canvas apron on the packer. The apron is made 4 or Bit. ec 
is cut in the center and the apron slipped over the mandre 
belting disks are put on. In the event of a small leak, the fluid s 
canvas down into the hole and plugs it off. [ 
Formation packers are generally allowed to set from 25 ie 35 0 
This depends, however, upon the action of the well. If the pe i 
exceptionally active, 2 or 3 min. may be sufficient. Packers have been 
allowed to set 40 min., but 35 min. is considered ample to give an indica- 
tion of what may be orhemed from the sand. If the well is going to flow, — 7 
it will show this fact rather quickly. If it is salt water, its presence will — 
be determined in a short time. If the sand is clean but contains very — 
little gas or has a low fluid level, the results may appear to beindeterminate 
but the absence of salt water will give some clue as to its possibilities. 


Tests MapeE IN CASING 


When running a formation tester in casing, a hook wall packer is 
substituted for the formation packer. The packer is tripped by a turn 
to the left and is then seated 6 to 12 ft. above the shoe. The action of the 
tool is the same as in a formation test but the time that the tool is allowed 
to set is not a matter of importance. Wells have been flowed through a 
testing tool in casing for several days, killed when the test was completed, 
and the tool pulled from the hole without difficulty. 

When a shut-off test is run with the testing tool, the operator not only 
saves a great deal of time but gets a more positive test than can be had by 
bailing or swabbing, because the amount of hydrostatic head left upon 
the shoe can be regulated without danger to the casing. If it is desirable 
to bail it dry with the tool, this can be done safely. It cannot be done, 
however, by a bailer or swab on a deep well. The use of the testing tool 
eliminates the strain set up in the casing by continually striking the fluid 
with the bailer. 

Each time that the bailer is run sate the hole, it strikes the fluid ie 
considerable force and places a form of water hammer upon the casing. 
There is a tendency for the casing to expand under this blow. The bailer 
is then submerged and pulled from the fluid, dragging the fluid upward 
and setting up in the casing a tendency to contract. The bailer then 
leaves the fluid and the fluid drops back again, causing a slight hammer 
effect. This continual breathing of the casing is kept up as long as 
bailing is continued and is thought by the writer to be responsible for 
many wet jobs on bailing tests. In testing casing with the tool, the 
casing is insulated from vibrations with a column of fluid that is station- 
ary. At any rate, there has been a smaller percentage of wet jobs on 
casing with the tool than has been found with bailing tests. 
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1 a well is bailed the strain is placed on the upper part of 


The time required for the average shut-off test with the tool is 6 hr. 
_ against approximately 48 hr. with the bailer or swab. 
iy ¥ Formations below the casing may be tested in stages by use of the 
testing tool. After the shut-off test has been made, the tool can be used 
_ for a quick test of each 50 or 100 ft. of new hole by using a casing packer. 
; : 

Heavinc ForMATIONS 

Some areas have a tendency to heave or bridge below the tool when 

the valves are opened. This may occur in either a casing or formation 
test. The result of such a bridge is the same as it would be if the bridge 
were thrown during a bailing test. It may prevent the fluid from reach- 
ing the tool, thereby permitting only a slight rise in the drill pipe. When 
this occurs, it is overcome by placing a bean of any desired size in the tool 
and using a valve at the surface that is kept closed until the valves in the 
tool are open, making it necessary for the fluid to enter the drill pipe 
against an air cushion. The surface valve is then slightly opened 
and the air bled out slowly as the fluid rises in the drill pipe. In some 
areas where the pressure is high, the drill pipe may be run in partly filled 
with mud, to cushion the entry of fluid and prevent heaving. 


A Theoretical Analysis of Water-flooding Networks* 


By M. Musxart anp R. D. Wycxorr,}{ Pirrspureu, Pa. 
(Los Angeles Meeting, September, and Dallas Meeting, October, 1933) 


Tur general problem of the simultaneous movement of water and — 


oil in a connected sand is of considerable practical interest from two 


points of view. First, there is the situation usually described as “edge- 
water encroachment.” Here the water in the sands contiguous to and 
flanking the oil sand begins to enter the latter as the oil is removed and 
the reservoir pressure declines. The physical questions involved concern 
an understanding of the mechanism of the advance of the water and its 
control, so as to aid the oil recovery rather than to hinder it. In so far 
as the entry of the water into the oil sand means at least the partial 
replacement of the oil from the region of the encroachment by the advanc- 
ing water, it is quite appropriate to consider this type of situation as one 
of natural water-flooding. 

For the present discussion, however, we are primarily interested in 
the problem of artificial flooding. Here the water is deliberately injected 
into the oil sand with the intention of displacing the oil and removing it 
through prearranged output wells. For the practical development 
of such a procedure rather large areas are included in the flooding program 
and the injection and output wells are arranged in regular patterns or 
networks, which are felt to be most favorable for a high oil recovery. 
Although remarkable success has already been obtained in such flooding 
programs, especially in the Bradford field of Pennsylvania, essentially 
by the application of the lessons of practical engineering experience, a 
more thorough physical analysis of the problem appeared to offer promise 
of leading to results of some interest and value. 

Another phase of the problem, which stimulated both the experimental 
and mathematical analysis, is that it is susceptible in large measure to 
empirical field tests. It is in itself but an example and illustration of 
the general theory of the flow of dead (gas-free) liquids through porous 
media, in which the authors have been interested for the last several 
years. From the point of view of its applicability to actual petroleum 
technology problems, however, water-flooding is a particularly favorable 


* This paper is a summary of A.I.M.E. Technical Publication 507 (1933). It gives 
the results on which the authors’ conclusions were based, presented without the 
mathematical details that were included in the longer paper. 

} Gulf Research and Development Corporation. 
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mple. In fact, it is hoped that it will be possible to make empirical 


_ tests, by those engaged in flooding programs, of the more practical results 


of the theoretical analysis. 


Although it is felt that the theory of flooding developed here has a 


5 direct applicability to the practical field problem, the limitations and 


¥ assumptions of the theory must be kept in mind, as follows: 


1. The assumption of steady state conditions. This means that the 


_ theory does not apply until the state has been reached in which the fluid 


output equals the fluid input; that is, until after the passage of the initial 
_ transients during which the residual gas in the sand is being compressed 
and the input volume exceeds the fluid output. 


2. The systems are two dimensional. This implies that the sands 


4 are relatively thin and that the water-oil interface is a sharp vertical 
_ boundary. The effect of gravity in inclining this boundary would lead 
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to a somewhat earlier arrival of the water at the output wells than pre- 
dicted by the theory. 

3. Neglect of the difference in viscosity between the water and oil. 

_ This is perhaps the most serious of the approximations, although it is an 


4 absolutely necessary approximation if the analysis is to be carried through 


at all by other than extremely tedious numerical and graphical means. 


_ The effects, however, of the viscosity difference in the practical problem 


are readily seen qualitatively. Thus, the lower viscosity of the advancing 


_. water will accelerate the ‘“‘cusping” or “fingering” of the interface and 


hence lead to lower efficiencies—less complete flooding—than predicted 
by the theory, although the magnitudes of this effect will be small, since 
~ it will be pronounced only where the “fingering” would be marked even 


if there were no viscosity difference. The resistance of the networks, 


on the other hand, may be appreciably decreased by the lower viscosity 
of the water. Although the magnitude of this decrease can be closely 
estimated, it is not considered further in this discussion. 

Somewhat analogous to the effect due to differences in viscosity is 
the so-called “bypassing” tendency, which is due to the presence in the 


| sand of two immiscible liquids, water and oil. Thus there is present 


in the flooding process the unsolved problem of the flow of mixtures. 
Qualitatively, it may be said that the bypassing tendency of the driving 
fluid in such a mixture is recognized in the statement that only a partial 
replacement of the oil takes place in the region of water encroachment. 
Hence, as a first approximation, it is reasonable to conclude that the 
major effect of the presence of a mixture of fluids in the sand is to speed 
up the encroachment—as if the total volume of free pore space involved 
in the flooding process were decreased by an amount equal to the volume 
of the oil retained. 

Returning now to the treatment of the flooding problem, it is con- 


. venient to distinguish between and discuss separately the efficiency of 


— = po ee Wi eed Be oe? Aa ee | 


64 A THEORETICAL ANALYSIS OF WATER-FLOODING NETWORKS 


a flood, which is the percentage of the flooded area that is swept out by 
the encroaching water before water actually reaches the output wells—_ 
and which is a measure of the tendency of the water to “‘bypass” the oil 
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Fig. 1— DIaGRraM OF TYPICAL FLOODING NETWORKS. 


due to the nature of the pressure distribution—and the “conductivity” 
of the flood, which is the steady state production capacity of the net- 


Fig. 2.—FLOODING HISTORY OF A DIRECT LINE DRIVE. | 


work per unit pressure differential between the input and output wells. 


The reciprocal of the conductivity may be termed the “resistance” of 
the flood. 
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Fig. 3.—PRESSURE DISTRIBUTION IN A DIRECT LINE DRIVE. 
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Fig. 1 shows schematically the several types of flooding network 
considered in this discussion. A very simple and graphic way of studying 
the flooding efficiency of a network as defined above is by the use of an 
electrolytic model of the flood.!| For a clear understanding of these 
models, however, it is necessary to consider at the same time the pressure 
distributions in the flooding systems. 

Thus in Fig. 2 is shown the photographic history of the direct line- 
drive flood with a flooding efficiency of 57 per cent. The very sym- 
metrical pressure distribution in this network is given in Fig. 3. This 
distribution and those in Figs. 4 and 6 were obtained by means of elec- 
trical current conduction models. 


In contrast to this case the pressure distribution for the staggered 
line drive in which the input and output lines are mutually shifted parallel 
to themselves by one-half of the well spacing may be considered (Fig. 4). 
Here the equipressure lines split so as to encircle the two corner wells. 
As the fluid will tend to divide and flow toward the wells, the front 
evidently will undergo a preliminary broadening before finally fingering 
in symmetrically into the two corner wells. This tendency to spread 
out the flood instead of concentrating it along the single line of centers, 
as in the direct line flood, will obviously lead to a greater areal flooding 
and hence higher efficiency. Fig. 5, showing the electrolytic model 
photograph, clearly corroborates all these deductions, the last photograph 


showing a flooded area (or efficiency) of 77 per cent in contrast to the 
57 per cent of the direct line-drive flood.? 


'R. D. Wyckoff, H. G. Botset and M. Muskat: The Mechanies of Porous Flow 
Applied to Water-flooding Problems. Trans. A.I.M.E. (1932) 103, 219. 

* It is to be noted that the pressure distribution of Fig. 4 is for the case in which 
the spacing between the input and output lines is 114 times the well spacing within 


-seven-spot arrangements.’ 


methods used are outlined here. 
For that phase involving the cal- 
culation of the flood conductivities 
a formal expression is first set up 
for the sum of the potential dis- 
tributions due to all the individual 
wells of the flooding network in 
- question, the value of the sum 
representing the resultant pressure 
distribution in the network. Next, 
the value of this sum, or of the 
pressure, is computed for are pre- 
sentative input well and a repre- 

sentative output well, the difference 

giving the net pressure differential 


«acting on the system. Dividing . 


this difference into the production 


ution the immediate explanation for the marked difference in 
nature of the advance of the flood in the ordinary and inverted 


= With respect to the quantitative results of the analytical treatment 
of the problem of water-flooding, only the principles of the analytical 


Fic. 6.—PRESSURE DISTRIBUTION IN A 
SEVEN-SPOT NETWORK. 


element, gives the “conductivity” of the network. 

The results of this procedure as applied to several typical networks 
are shown in Fig. 7. The abscissas h give the input-output well separa- 
tions and the ordinates Q/Ap the conductivities, or the production rates 
per network element per unit pressure differential per unit sand thickness, 
in a unit permeability sand. The curve for the line drive is for the case 
of the regular unstaggered drive where the input-input well spacing 


4 
5 rate of the network, per network 
7 
F 
| 
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equals the input-output distance. 


The curves run closely parallel, the 


conductivity of the seven-spot per network element being 39 per cent 
higher than that of the direct line drive and 6 per cent higher than the 


five-spot conductivity. 


Of more importance than this difference between the several networks 
is their common feature of being very insensitive to the absolute value 
of the well spacing. In all cases, increasing the spacing by 100 per cent, 


these lines whereas the flood photograph is for an equispaced network. However, 
from comparison with the pressure distribution of Fig. 3 it is evident that the only 
effect of the wider spacing between the lines is to increase the area over which the 
\ streamlines are essentially parallel; that is, where the flow is linear in character. 
3 See Figs. 15 and 16 of paper cited in reference 1. 
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as from 400 to 800 ft., decreases the condu y by | 
Thus there is obtained the fairly definite result that the 


REGULAR LINE DRIVE (h= 
I EIVE-SPOT NETWORK 
II SEVEN-SPOT NETWORK 


400 = distance between input and output 
Fig. 7—CoNDUCTIVITIES OF FLOODING NETWORKS AS A FUNCTION OF THE WELL 
SPACING. 
Q/Ap = production rate per network element per unit pressure differential in a — 
unit permeability sand of unit thickness. 
of the well spacing plays only a minor role in determining the physical 
value of a flooding network. 
With respect to the assumption made in computing curve I, it is to be 


noted that the regular line drive may be modified both by stretching 
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Via. 8.—ConpDUCTIVITY OF LINE-DRIVE NETWORKS AS A FUNCTION OF h/a. 
Q/Ap = production rate per well per unit pressure differential. ; 

h = distance between input and output lines. 

well spacing within input or output lines. 
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or contracting the regular drive; i.e., by changing the ratio h/a and by 
staggering the drive. Fig. 8 shows the effect on the conductivity of 
both modifications. In the cases of the unstaggered drives, curve I 


M. MUSKAT AND R. D. WYCKOFF 69 


_ refers to a network in which the well spacing within the input and output 


lines is kept fixed at 660 ft. while the distance h between the lines is 


- varied; the network corresponding to curve II has the input-output line 


separation fixed at 660 ft., and a variable spacing within the lines. Both 
of these curves show that the flood conductivity decreases as the network 
element becomes elongated, either an increased input-output line separa- 
tion or a decreased well spacing within the lines contributing to the 
decrease in conductivity. 

Finally, the effect on the conductivity of staggering the line-drive 


flood is to be noted. Curve III gives the results of the computations 


for a staggered line drive and shows clearly that except for small values 
of h/a the staggering has an entirely negligible effect on the conductivity, 
although for values of h/a < 1 the conductivity is somewhat lowered 
by the staggering. 

The principle of computing the flood efficiency is even more simple 
than that for the calculation of the flood conductivities, for it is only 
necessary to compute the time when the water will first reach the output 
wells.4 Multiplying this time by the rate of water input per network 
element, the result gives the area flooded by the time the water reaches 
the output wells. Dividing this area by the area of the network element, 
the flood efficiency will be the quotient. 

In contrast to the conductivity of the flooding networks, which were 


« found to vary with the dimensions of the system, even though but slowly, 


the efficiency of a flooding network and also the shape of the advancing 
flood depends only on the geometry; i. e., the shape of the network. 
Both the total area of the flood and the shape of the individual stages are 
independent also of the absolute pressure, but of importance for the 
present is the fact that they are independent of the well spacing. Thus 
the efficiencies 72.3 and 74 per cent obtained analytically for the five 
and seven-spot floods, agreeing well with those previously found by 
the electrolytic model, are absolute values for these floods and can- 
not be changed by changes in the well spacing, pressure differential, 
permeability, etc. 

In the line flood, on the other hand, there are two “degrees of free- 
dom” as it were, in specifying its geometry. Thus, it may be stretched 
or contracted, that is, h/a may be changed, and the wells may be stag- 
gered, both changes modifying the geometry of the network. Though 
there will be an additional infinity of degrees of staggering, we need 
concern ourselves only with the extreme case where the input and output 


4 It should be mentioned here that in the original paper (Tech. Pub. 507) the equa- 
tions giving the time when water first reaches the output wells as used in determining 
the flood efficiencies are evidently based upon a 100 per cent porosity and, therefore, 
must be multiplied by the actual porosity of the sand for numerical computations 
of the time of flood; i.e., equations 7, 9 and 10 of the text. 
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wells are mutually shifted so that the members of 
between those of the other. In both of these ways ther icie 
of the flooding network can be changed. Fig. 9 shows the magnit 
of the effects. For curve I only h/ais varied, while for curve II the d 
is further modified by staggering. 

Thus it develops that stretching the line drive increases the efficiency, 
and also the more significant fact, that staggering has a very appreciable 
effect on the efficiency, especially for the smaller values of h/a. Thus 
in the case of h/a = %, for which the staggered flood is evidently 
identical with the ordinary five spot, only 43 per cent of the five-spot — 
efficiency would be found if the five-spot were unstaggered. Further- 
more, it should be observed that both by the stretching process alone 
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Fic. 9.—FLOoDING EFFICIENCY OF LINE-DRIVE FLOODS AS A FUNCTION OF h/a. 
Q/A = area flooded per network element at time water first reaches output well. 
h = distance between input and output lines. 
a = well spacing within input or output lines. 


and by the combined stretching and staggering modification even the 
relatively high seven-spot efficiency of 74 per cent can be exceeded by 
quite appreciable amounts. . 
Having thus derived the fundamental characteristics of the various 
flooding networks, a more exact.comparison between them is possible. 
Returning then, to the conductivities of the networks, as shown in Fig. 7, 
it is to be noted, first, that the curves here refer to the conductivities 
per network element. But since each seven-spot network element has 
three wells whereas the five-spot and line-drive elements have two wells 
each, the element conductivity does not offer a proper comparison 
between the various floods. Rather, one should compare the conduc- 
tivities for a given flooded area with the same total number of wells; 
i. e., with the same well-per-acre densities. This requires first that the 
spacing be increased in the seven spot by about 7.5 per cent, and then, 
since there will be only two-thirds as many seven-spot elements in the 
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rea as five-spot or line-drive elements, the conductivities of curve 
: ust be given a weight of only two-thirds. 

a With these changes the proper conductivity comparison is shown 
in the curves of Fig. 10. Here it is seen that the seven spot has an 
effective conductivity even less than that of the direct line drive, in 
- contrast to an apparent conductivity of 32 per cent higher than that 
of the five spot. 

Thus far, then, the results show that with respect to conductivities 
the five spot is the most favorable flood, the direct line drive being next 
and the seven spot last, while with respect to the efficiencies the seven 

‘spot is superior to the five spot while the direct line drive is the least 
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Fig. 10.—ConpvuctiviTIEs OF FLOODING NETWORKS AS A FUNCTION OF WELL DENSITY. 
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efficient. Still this comparison is not complete, for the possibility of 
stretching and staggering the line drive has not been considered. When 
this is done we finally arrive at the comparison shown in Table 1. 
By choosing h/a = 1.50 the line-drive flood still has a conductivity 
slightly higher than the seven spot, while at the same time attaining 
an efficiency of 80 per cent. Although its conductivity is some 12 per cent 
lower than that of the five spot, the fact that its efficiency is 11 per cent 
higher should more than counterbalance the disadvantage with respect 
to the conductivity. For the latter can be compensated for by a 12 
per cent increased pressure differential, whereas the flood efficiency—as 
the term is used here—of the five spot can never be raised beyond 72.3 
per cent. It may be concluded, therefore, that a staggered line drive 
with an h/a from 1.5 to 1.6 possesses the most favorable physical features. 

As a practical illustration of these comparisons, a specific numerical 
example approximately corresponding to a Bradford field flooding prob- 
‘lem is offered. Thus it will be supposed that there are four 1000-acre 
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tracts on each of which shall be put 400 wi yells, it 
output wells. They will be arranged respectively in - 
drive with h/a = 1.5, direct line drive, five spot and seven spo : 
sand will be supposed to be 40 ft. thick, with a porosity of 10 per. ce 
and a permeability of 0.001 darcys. Table 2 gives the significant « i 
for comparison of the various floods. The superiority of the staggere 
line drive will be quite evident. To 
It should be remembered, of course, that no detailed account has — 
been taken of the end effects involved in fitting the networks within the | 
boundaries of the 1000-acre tracts. Rather, it has been assumed that the | 3 
tracts were simply sections of infinite networks. Furthermore, the initial _ 


TaBLeE 1.—Relative Efficiencies of Floods 


Relative Production Rate (Con- 


ductivity for Equal Well-acre Flood Efficiency, Per Cent 
Densities) 

Staggered line drive. 

h/a = 1.50 

Qi oe 0st. vie — S08 0.383 80.0 
Five spot 

hs = 660 ft. 0.433 PIES | 
Regular line drive 

h/a = 1.50 

@ = 539 tt. fh — c0s tt. 0.383 70.6 
Seven spot 

h; = 709 ft. 0.378 74.0 


transients due to the compression of the gas have been neglected, and, in 
fact, the supposition has been made that at the beginning the total 
porosity of 10 per cent was filled with oil and, moreover, that the oil is 
completely flushed out by the advancing water. If it be supposed that 
there will be only a 50 per cent recovery, the times given in the third 
column from the right in the table will be cut by approximately a factor 
of 4. 

Even with this factor of 14, the times required for the water to reach 
the output wells are still admittedly larger than the times observed in 
actual flooding programs by a factor of about 10. Although this may 
appear to cast doubt upon the validity of the theory presented here, it is 
rather felt that this discrepancy throws considerable light upon the sand 
conditions under which such floods as those in the Bradford field have 
been operating. For it simply shows that there is much more effective 
water-bypassing in practice than would be possible in an ideal homogene- 
oussand. That is, it indicates that there must be considerable channeling 
in the sands, due either to high permeability beds or to considerable 
streaking of high permeability zones within the main body of sand of 
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as caseaRitity of the order of 0.001 darcy. Another factor that may 


enhance this channeling is a bypassing of the water through the oil even 
under uniform sand conditions, much as gas is known to bypass oil in 
homogeneous sands. The main effect, however, probably is due to the 


high permeability streaks or beds, for the actual existence of permeability 


variations up to 100 fold have been found in measurements of cores from 
the producing sands. 


TaBiE 2.—Comparison of Flooding Networks in Ideal Sands 


Total area of tracts, 1000 acres; total number of wells, 400; total pressure differential, 
1000 lb.; sand thickness, 40 ft.; sand permeability, 0.001 darcy; sand porosity, 
10 per cent; viscosity, 1 centipoise. 


Nee Woe Input- | Input- Rate of Time to Flood, | Total Water 


input output | Fluid Input Reach 
a peau pr tag Spacing,| or Output, | Output ae Bree Erde 


We Ft. Bbl. per Day| Wells, Yr. 


Staggered line z 
FLUO let creat 200 200 270 426 3776 18.0 80.0 2.48 


h/a = 1.50 
Direct line drive.| 200 200 330 330 4094 11.8 57.0 Leia, 
h=a 
Five-spot....... 200 200 467 330 4305 14.3 72.3 2.25 
Seven-spot...... 267 133 355 355 3765 16.7 74.0 2.30 
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Furthermore, it may be pointed out that regardless of the detailed 
explanations invoked in the analysis of the field data, the term “effi- 
ciency” as used here may be taken as a quantitative measure of the 
effectiveness of a flooding program. And this may be obtained simply by 
dividing the water-free oil output by the volume of oil in the sand at 
the beginning of the flooding operations. This result, compared with the 
theoretical efficiency of the particular network considered, will give a 
specific measure of the extent of the water bypassing. In fact, we may 
already conclude, from the general comparison between the theoretically 
ideal example above and the results of practical field experience, that 
perhaps the questions of well spacing and arrangement are after all of 
relatively minor importance in determining the success of a flooding 
program, and that attention should be concentrated rather upon prevent- 


question, in which the value of high production rates with a close spacing 


ing ayia in high-pe ty 3 
to be solved before the cee of ar ificial 
improved materially. pod Abbe 

Returning finally to the question of the sselites well spacii ing 
is made to our earlier result, which showed that it has no effect 
flood efficiency and only a minor effect on the conductivity. The prot 
of well spacing, therefore, must be relegated to the economic side of 


and large investment must be balanced against lower production rates 


x 


with wider spacing and proportionately lower investment. ret 


DISCUSSION 
(Frank A. Herald presiding) 


[This discussion followed presentation of the duainideed aed that was issued ‘ 
as T. P. 507 (see footnote on page 62).] 


E. A. SrepHENSON,* Rolla, Mo.—In actual practice the spacings are less, rarely 
more than 240 ft., usually 175 ft., and the time for the water passing from input to 
output can be predicted: six to eight months for the appearance of water at the 
output well. 


J.B. Umptesy,t Norman, Okla.—The Bradford technique has made much progress 
in the five years since I was active in that field. However, my early observation of 
the practical workings of the five-spot and seven-spot patterns led to the conclusion 
that there is not a great deal of difference between them. In spacing, the time element 
becomes very important, and the balance sheet largely controls procedure. The use 
of natural drive in the Mid-Continent hinges on an appreciation of the work of water, 
both as a direct and indirect expulsion force. In many cases instead of permitting 
the removal of water we should require the addition of water, if maximum recovery 
is our aim. This paper should enhance the general appreciation of what water 
does underground. 


F. A. Heraup,t FortWorth, Tex.—We have made the oil man gas-conscious, 
which was an accomplishment; now we must make him water-conscious. 


KE. A. StrepHenson.—There has been some progress made in the delayed flooding 
system: the water flowed through the more permeable zones, the flow diminishing as 
the pressure approached that of the pressure heads before producing. 


K. B. Nowrts,§ Bradford, Pa. (written discussion).—It is very difficult to give an 
intelligent discussion of this paper, principally because it sets forth some fundamental 
considerations that should be given to present-day flooding methods and the spacing 
pattern used in their development. I consider both the present paper and the earlier 
one® important contributions to water-flooding technology. I am not in full agree- __ 
ment with some of the principles we find in the latter paper, particularly since they . 


* Professor of Petroleum Engineering, Missouri School of Mines and Metallurgy. 
t Geologist and Petroleum Engineer. 


{ Petroleum Geologist and Engineer. 
§ Chief Petroleum Engineer, Forest Oil Co. 
5 Reference of footnote 1. 


e been developed only through laboratory technique. I am of the opinion, how- 

_ that some of the conclusions reached in the present paper can be substantiated 
_ by the study and correlation of field data which our organization is now attempting 

_to make in an effort to prove or disprove the principles outlined by Mr. Muskat and 
“Mr. Wyckoff. 
_ Mr. Muskat gives percentage efficiencies of various flooding networks, and I 
believe that these efficiencies will be proved by the field data we are now working with. | 
It is interesting to know that the regular five-spot network has an efficiency of 74. 
per cent as compared to the seven-spot efficiency of 79 per cent. It is probable that 
these percentages can be substantiated, so far as the percentage of area flooded out 
before water reaches the output well is concerned, but there are other factors to take 
into consideration. In using the seven-spot pattern, development costs are higher 
than necessary and the oil operator in most instances would not choose the seven-spot 
because of its higher cost. For instance, in an imaginary 100-acre lease where a 
spacing of 200 ft. between oil well and water well is used in both the five-spot and 
seven-spot flood, it is necessary to drill approximately 143 wells on the lease if the 
seven-spot pattern is used, as compared to 128 wells for the five-spot. 
' Muskat and Wyckoff are still of the opinion that spacing is not related to physical 
factors as much as it is to economics, although the operator experienced in flood- 
ing has found that for various spacings the proper pressure must be used in secur- 
ing the desired recovery. Too wide a spacing for the pressures available will give 
poor recoveries. 

Within the next several months I will be in a better position either to prove or 
disprove the statements made in the present paper, but wish to say that technologists 
of the Gulf Research and Development Corporation have given us valuable contribu- 
tions to flooding technology. They have opened up new lines of thought, which will 
_ result in their continued application not only to flooding problems but also to questions 
concerning natural water drive and water encroachment in the western fields. 


H. H. Power,* Tulsa, Okla.—Experience shows that percentage recoveries depend 
to a large extent upon whether the propulsive medium is hydraulic or merely gas drive 
with no water. Little can be done to benefit a well by reshooting or cleaning out after 
it has experienced a natural water drive. Just prior to the appearance of water, a 
notable increase is often effected in the well’s production. This is thought to be due 
to the “bank” of oil just ahead of the water. As this ‘‘bank” passes the well, produc- 
tion declines, and a small amount of oil with large quantities of water are produced 
thereafter up to the well’s economic limit of production. In this last stage of the well’s 
life, cleaning out and shooting are in most cases of small benefit. The sand has been 
flushed with water, leaving little oil behind. 

In fields under gas propulsion, recoveries are a function of gas-pressure decline. 
If the gas is not wasted and kept in solution, spacing and drilling programs so arranged 
that gas energy will not be dissipated in moving oil through the sand at too great 
distances, relatively larger recoveries should result. Cleaning out, reshooting, etc., 
are often profitable during the settled production period of wells in gas-drive fields. 
The differential pressure between formation and well bore is increased by removal of 
eavings, shooting heavily, and by keeping the well “(pumped down,” thus increasing 
the rate of production, and in many cases, ultimate recovery. Recoveries in gas- 
drive fields operated at maximum efficiency may not exceed 20 or 25 per cent, in 
contrast to recoveries in natural water-drive fields of 50 per cent or more. The 
above comparison shows that little recoverable oil is left behind after a natural water 
drive, whereas in a gas-drive field as much oil recoverable by improved methods may 
remain in the sand as has been produced by natural recovery methods. 


* Production Dept., Gypsy Oil Co. 
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E. Outver,t Ponea City, Okla.—I call attention to the paper on Pewia! 
John Cadman, in the Division’s 1933 volume,’ wherein the author says: ‘ 
well which was producing in Persia in February, 1929, has since ceased nata 
flow on account of declining pressure or of diminished drainage from the re 
rock. No well has been taken off production on account of edge water encroachm 
nor has indeed edge water been produced in any production well. A certain num 
of wells have gone to gas and been closed in, but this is strictly in accordance w 
our system of operation. The dates on which such wells have gone to gas have corre- 
sponded closely with estimates existing four years ago and replacement wells have, 
where necessary, been methodically completed in advance of these dates. 
pressure in the gas dome of the Masjid-i-Sulaiman field has only dropped 5 lb. 

square inch, approximately 1 per cent, during the past four years, although a produe- 
tion of nearly 140,000,000 bbl. has been drawn from the field during that period.” 

Referring to the water problems so typical of American fields, he states: “Tt 
is interesting to record that although the Masjid-i-Sulaiman field has sensitiv 
edge water conditions which are readily disturbed by variations in the rates of local : 
production, and although commercial production has been continually drawn from 
this field since 1911, the oil produced is still water free.” ‘ 


R. D. Wycxorr (written discussion).—In the final analysis, the indicated dis- 
crepancy between what the ideal system will do and the results obtained in actual 
networks provides a suitable criterion whereby the performance of an actual flood may ~ 
be judged. Thus it appears that in an actual flood the output wells start producing — 
water in one-tenth the time, or less, than would be the case in an ideal flood. Evyi- — 
dently, then, there is more to be gained by attempting to guard against premature 
channeling of water through highly permeable streaks than in devoting attention 
to details of spacing, type of network, etc. The authors consider the real value of 
the analysis to lie not in the numerical results themselves but rather in the fact that 
they provide a necessary criterion to indicate the most profitable point of attack in 
the general problem of increasing flooding efficiency. Thus the analysis again points 
to and indicates the distressing magnitude of the old problem of bypassing. We 
must find, if possible, some means to prevent water from channeling prematurely 
through highly permeable streaks. 


* Consulting Geologist. 
+ Appraisal Engineer. 
§ Trans. A.I.M.E. (1938) 108, 397. 2 


’ Recent Changes in Reservoir Pressure Conditions in the 
East Texas Field 


By G. L. Nyz* ann C. E. Retstiz, Jr.,j Kiueorr, Texas 
(Dallas Meeting, October, 1933) 


Tue East Texas field is in Smith, Rusk, Gregg, Upshur and Cherokee 


- eounties, Texas. The discovery well was completed Sept. 8, 1930, near 
the eastern limit of the field. Within less than one year the new field 


a 


“| Se. & 


became the dominant factor in the world production of crude oil. On 
Aug. 16, 1931, eleven months after completion of the discovery well, 
there were 1644 wells in the field, and the average daily production was 
584,475 bbl. Since that time the number of wells has increased to 
8195 on Oct. 1, 1933, and the field has produced 385,979,691 bbl. of oil. 

The geology of the East Texas field has been discussed by Lahee,* 
Levorsen,? Minor and Hanna? and others, and it will not be discussed in 
detail here. The field is a structure of the monocline type on the west- 
ward dipping homocline between the Sabine uplift and the East Texas 


_ geosyncline. Production is obtained from the Woodbine group, which 


has been truncated and then sealed by the Austin chalk, which rests 
unconformably upon it. The oil-saturated part of the sand lies between 
a sub-sea depth of 3050 ft. on the east side of the field, where the Wood- 
bine sand stops and the Austin chalk rests directly upon older formations, 
and a sub-sea depth of 3320 ft., which was the average depth of the 
water table in the sand at the time the field was discovered. 

The field is about 40 miles long and has an average width of approxi- 
mately 414 miles. The area within the proven limits of the field is close 
to 116,580 acres and the normal Woodbine water underlies nearly 62,000 
aeres on the western side of the field at the present time. 

The field is unusual in several respects: (1) the tremendous size of the 
reservoir system and the quantity of oil in place; (2) the large area of 
the oil and water contact, which makes water movement possible into the 
oil-bearing part of the structure; (3) the absence of free gas within the 
main producing sand of the field. Changes in the reservoir pressure 
during the production history of the field have been greatly affected by 


* Petroleum Engineer, The Tide Water Oil Co. 
+ Chairman, The East Texas Engineering Association. 
1 F. H. Lahee: The East Texas Oil Field. Trans. A.I.M.E. (1932) 98, 279-294. 
2 A. I. Levorsen: The East Texas Oil Field. Int. Petr. Tech. (June, 1931) 261-268. 
3H. E. Minor and M. H. Hanna: East Texas Oil Field. Bull. Amer. Assn. Petr. 
Geol. (1933) 17, 757-793. 
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78 RESERVOIR Fauceuu THE E AST 
each of these factors, or ae we should: say ii individuali 
particular field. ; 4 
In the last few years there have been a number of important contri- 
butions, to our knowledge, dealing with the flow of fluids through ss 
and this information, together with the study of actual reservoir pres- _ 
sures and the sampling and analyses of crude oil and gas solutions under _ 
actual reservoir conditions, has made it possible to obtain a clearer . 
conception of the behavior of underground reservoir systems. In the © 
past we have studied and been concerned only with that part of the 
reservoir system containing oil and gas, but now we find that this is not 
enough. It is necessary also to have knowledge of the entire reservoir 
system, which may extend for several hundred miles in all directions 
from the field. It is the behavior and movement of the fluids within the 
entire reservoir system that control the actual performance within the 
oil and/or gas-bearing portion of the reservoir. 
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Fic. 1.—R®SERVOIR PRESSURE, WEIGHTED AVERAGE CORRECTED FOR —3300 FEET 
SUB-SBA. 


In Table 1, the weighted average reservoir pressure and production 
data are given for the East Texas field for the period Oct. 25, 1932 to 
Sept. 27, 1933. In Fig. 1, the weighted average reservoir pressures 
(corrected to a base of —3300 ft. sub-sea) of the East Texas field are 
given for the period January to October, 1933. The average daily 
production for the periods covered by the reservoir pressure data is 
shown also on the same curve. 

It is apparent from the data in Fig. 1 that the decline in reservoir 
pressure is a function of the rate of production. The sharp increases in 
reservoir pressure during the period Dec. 18 to 31, 1932, and April 6 to 
23, 1933, are the result of closing in the field completely. While the 
field was operated under a production rate of from 300,000 to 400,000 bbl. 
per day the loss in reservoir pressure decreased from 2.99 Ib. per sq. in. 
per million barrels produced during the period Dec. 31, 1932 to Jan. 14, 
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1933; to 1.04 Ib. per sq. in. per million barrels produced for the period 


Jan. 14, 1933 to Feb. 25, 1933. When the rate of production was 


Z increased during the latter part of February and March, the rate of 


reservoir pressure decline was again increased. During the period in 
April, 1933, while the field was shut in the average reservoir pressure 
again increased. Following this period when the field was shut in the 
field was produced at a rate of from 800,000 to 1,000,000 bbl. per day 
during the latter part of April, May and June, and a very sharp decrease 
in reservoir pressure occurred. This was during the latter part of May 
and the early part of June, 1932, when so many wells on the east side 
of the field stopped flowing naturally as a result of low reservoir pressure. 
Fortunately, from July, 1938, until the present time, October, 1933, the 
rate of production has been gradually decreased until the production is 
now approximately 487,000 bbl. per day. As a result of the decrease in 
the rate of production, the average reservoir pressure of the field has 
increased from a low of 1220 lb. per sq. in. on July 12, 1933 to 1243 lb. 
per sq. in. on Sept. 27, 1933. 

This increase in the average pressure of the part of the reservoir 
system containing oil, as the rate of oil production was decreased but 
not stopped, is perhaps the most definite proof that the withdrawal of oil 
from the reservoir is accompanied by replacement with water from the 
part of the reservoir system extending beyond the limits of the oil- 
productive portion of the reservoir system. If the oil had not been 
replaced by water, it would have been necessary for the oil and gas 
solution remaining in the reservoir to expand and occupy this space 
created by the removal of the oil that has been produced. Using the 
pressure, volume data obtained by Lindsly* in his experiments with 
bottom-hole samples obtained from the East Texas reservoir, we find that 
the average reservoir pressure would now be 645 lb. per sq. in. if such a 
condition existed. Furthermore, the expansion of fluids, whether oil 
or gas, or a combination of these substances could hardly result in an 
increase in the average pressure of a reservoir system. It is this move- 
ment of water into the reservoir that supplies the pressure energy that 
has controlled the reservoir pressure within the oil-bearing part of the 
reservoir system. While engineers have long recognized the energy 
available in compressed gases and the utilization of this energy in the 
propulsion of oil and other fluids through sands to regions of lower pres- 
sure, little or no thought had been given to the energy available from com- 
pressed liquids until Dr. H. D. Wilde, Jr., and T. V. Moore’? advanced this 


4B. E. Lindsly: A Study of ‘‘Bottom-Hole” Samples of East Texas Crude Oil. 


U. S. Bur. Mines Rept. of Investigations 3212 (1932). 
5 H. D. Wilde, Jr. and T. V. Moore: Hydrodynamics of Reservoir Drainage and 


its Relation to Well Spacing. Amer. Petr. Inst. Proc. (1932) 83-91. 
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ye. 
explanation as one source of energy causing the movement of the fluids — 


within reservoir system. 

At first thought, one might be inclined to disregard this factor as of 
minor importance, but using the compressibility figure for East Texas 
crude oil under reservoir conditions as obtained by Lindsly, we find that 
the remaining oil in place in the East Texas reservoir has expanded 
approximately 25,800,000 bbl., as a result of the reduction in reservoir 
pressure from the original pressure of 1620 lb. per sq. in. to the present 
pressure of 1243 Ib. per sq. in. With these figures in mind, the magnitude 
of the energy available in the fluids (water, gas and oil) in the Woodbine 
sand surrounding the East Texas field can readily be conceived as 
sufficient to propel the water into the oil-bearing portion of the system. 

The pressure conditions within the oil-bearing part of the East Texas 
field can be explained, therefore, when the entire reservoir system, 
embodying not only the oil-productive part of the Woodbine sand but 
the entire Woodbine sand in the area extending to the north, west, and 
south of the field, is taken into consideration. When oil is produced 
from the field, a corresponding reduction in pressure results. This 
reduction in pressure causes movement of the fluids from the areas of 
higher pressure towards the low-pressure area. If it were not for the 
fact that the movement of fluids through the reservoir sands is accom- 
panied by a loss of pressure energy, which is consumed by frictional 
resistance, there would be a very rapid movement of the fluids into the 
low-pressure area and the pressure of the entire system would be adjusted 
in accordance with pressure-volume relationships of the fluids within the 
reservoir system. However, as fluids flow through sands there is an 
accompanying loss of pressure, which increases with increased rates of 
flow. Therefore, as the rate of withdrawal of oil from the reservoir is 
increased there is a correspondingly greater frictional resistance to the 
movement of the oil and water and the pressure at the discharge end of 
the system or, in other words, within the oil-producing part of the 
reservoir system, declines more rapidly. Likewise, as the rate of produc- 
tion is decreased, less frictional resistance results, and the fluids move into 
the oil-producing part of the reservoir system with less loss of pressure 
energy, and the pressure within the reservoir increases until a condition 
is established wherein the pressure within the oil-producing portion of 
the reservoir is in equilibrium with the new rate of flow. Once equi- 
librium is established the pressure within the oil-bearing reservoir will 
decline in accordance with the new conditions. 

The decline in reservoir pressure in the East Texas field resulting 
from the high rates of production during the months of April, May and 
June, 1933, indicated that by June, 1934, at least 25 per cent of the wells 
in the field would require pumping. The curtailment of production 
during the months of July, August, September and October, 1933, has 
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time sindigatiens are that less than one Dee oe of the well: 
flowing will require pumping prior to June, 1934. : 

Under the present rate of production the average vertical movement 
of water into the oil-producing sand is somewhere between }g and 149 in. 
per day. The slow encroachment of water undoubtedly has pattie 
increased the recovery of oil from the sand that has been flooded by 
water. Information at the present time indicates that a recovery giss 
between 65 and 75 per cent of the oil has been obtained from the flooded 
portion of the sand. This high recovery can be attributed to the slow 
movement of water into the sand, and the fact that maintenance of the 
reservoir pressure above the saturation pressure of the oil and gas solution 
has prevented any increase in the viscosity and surface tension of the oil. 

A study of the reservoir pressure conditions, and the reaction of these 
pressures to different rates of production, clearly indicates that a greater 
efficiency can be obtained from the natural forces available for the 
recovery of oil by the proper control of the rate of production. In 
fields where a natural water drive is available, the magnitude or efficiency __ 
of the water drive is undoubtedly a function of the rate of movement 
required for the water to replace the oil that is produced. The regu- 
lation of the production rate can be and should be regulated so as to 
obtain an efficient utilization of this natural energy. This will result in 
longer natural flowing life, lower lifting costs, less trouble from uneven 
water encroachment and a greater ultimate recovery of oil. 


DISCUSSION 
(H. D. Wilde, Jr. presiding) 


R. D. Wycxorr, * Pittsburgh, Pa.—I believe the correlation between the reservoir- 
pressure decline and the fluid output of the field can be shown more clearly by con- 
sidering the “effective” pressure rather than the average pressure of the field. The 
effective pressure may be considered as the average pressure of the western quarter 
of the field. In this manner the west-east pressure gradient across the field, which 
varies with the production rate and introduces spurious transient effects, may be 
partly eliminated. We have found such a procedure necessary in analytical studies 
of the reservoir performance. 

If it is assumed that the Kast Texas field is operating on a combined water and gas 
drive it is possible to calculate a pressure-decline curve that fits quite accurately the 
observed curve over the early history of the field. However, on this basis it is impos- 
sible to explain adequately the rapid increases in pressure that have been observed 
during ‘‘shut-in” periods unless complicated explanations involving gas supersatura- 
tion effects are introduced. On the other hand, using the compressible fluid theory 
introduced by Wilde and Moore and applying it to the water horizon on the assump- 
tion of a complete water drive, remarkably close agreement is obtainable between 
calculated and observed effective pressures. An interesting feature of the application 
of the theory is the high apparent compressibility of the water horizon that is required. 


Thus our calculations indicate that the compressibility is of the order of 10 times that 
normally observed for water. 


* Gulf Research & Development Corporation. 
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The nuch in the compressible fluid theory and the reaction of the field pres- 
es ) the sharp changes in production rate add considerable evidence in support 


oil industry would do well to determine the regional distribution of pres- 
oughout the water areas instead of plugging the water wells. Undoubtedly 
interesting and valuable information could be obtained if such procedure 


were practicable. 
“= 


77 T. V. Moorn,* Houston, Tex.—The only plausible explanation of pressure mainte- 
nance in East Texas is that water is entering the field. The pressure is declining, 
which indicates that water is entering the Woodbine because of its own expansion or 
expansion of associated fluids. I do not believe the pressure is maintained by expan- 
_ sion of water alone; it may be due to expansion of gas pockets near the field. 


‘ "i DD. C. Barton,} Houston, Tex.—At Goose Creek and Jennings as the oil was 
extracted there was some slumpage; there is some indication therefore that the over- 
_ burden maintains some weight on the oil. 


q C. E. Reistix, Jr.,t Bartlesville, Okla.—The waters from sources other than the 
Woodbine sand differ appreciably in their chemical analyses, but the waters from : 
the Woodbine sand are surprisingly uniform in their chemical content. 


L. G. E. Bienett,§ Tulsa, Okla.—There hardly seems to be any direct comparison 
between the conditions suggested by Dr. Barton as observed in Gulf Coast fields, 
where sand has been produced with the oil in relatively large quantities, and the Hast 
Texas field. There has been a relatively small amount of sand produced with the oil 
or bailed from the East Texas wells, which may be accounted for by the secondary 
cementation of silts, sands and conglomerates in this group of beds as suggested by 
H. EB. Minor and Marcus A. Hanna." 


W. V. Virrrt,|| Cisco, Tex.—We have no reason to believe that the field pressure 
should build up quickly. Many individual wells require an hour to reach their 
maximum bottom-hole pressure. This bottom-hole pressure is then an average of the 
surrounding bottom-hole pressure of the field and is an instantaneous value, the sum- 
mation of the effect of all the offset wells and the general withdrawal from the field. 
It is reasonable to presuppose that 24 hr. will not be long enough to secure a redistribu- 
tion of pressure within the field, let alone the entire connected reservoir. We are 
observing pressures in wells taken while the remainder of the field is producing and 
discussing pressures in the field, which is another matter. 


P. P. Grecory,§ Iraan, Tex.—I have observed that the decline in pressures in 
closed-in wells was the same at the same elevation as in producing wells near by. 


J. B. Umpiesy,** Norman, Okla.—There may be an actual dead-weight pressure 
that steps up production by decreasing reservoir volume. ‘There is a considerable 
amount of accumulating information that can be thus explained. It would seem that 


such a phenomenon might or might not be evidenced by measurable surface slumping. 


* Production Research Dept., Humble Oil & Refining Co. 
+ Geologist and Geophysicist, Humble Oil & Refining Co. 
{ Chairman, East Texas Engineering Association. 
§ Petroleum Engineering Editor, The Oil and Gas J ournal. 
1H. E. Minor and M. A. Hanna: East Texas Oil Fields. Bull. Amer. Assn. Petr. 
‘ Geol. (1933) 17. 
} || The Texas Co. 
‘ { Proration Petroleum Engineer, Yates Pool. 
** Geologist and Petroleum Engineer. 


Basic Data for Oil and Gas Wells* 


By Leon J. Perperserc,+ Dauuas, Texas, AND Eugene A. StepHEenson,{ Roun, 
Mo. 


Tue natural gas industry is essentially a byproduct of the oil industry. © 
When first discovered the gas was usually regarded as a nuisance, and 
even when found immediately associated with oil, or suspected to be 

go, it was customary to blow it freely into the air, in the hope that gas 

would shortly be replaced by a flow of oil. The early methods of pro- 
duction,! transportation, and utilization were neither economical nor 
efficient; the chief value of gas was based on its use as a fuel, with no 
regard to (1) its effect upon the oil with which it was associated, (2) its 
importance as a lifting agent, or (8) to its possibilities for the manu- 
facture of byproducts. 

The spread of scientific research among major gas and oil companies, 
manufacturers, and academic groups, has gradually brought recognition 
of the fact that many of the technical problems bearing on production, 
transportation and utilization are common to both the gas and the oil 
industry. A few of the problems that have received serious study, and 
from which highly gratifying results have been obtained, are: (1) gas 
measurement, (2) oil well and gas well capacity tests, (3) elimination 
of field waste, (4) design of pipe lines and compressor stations, (5) extrac- 
tion of constituents which might interfere with the normal flow of gas 
through the line, (6) control of reservoir pressure, (7) estimation of 
reserves of both oil and gas, (8) control of water encroachment, (9) 
measurement of factors which influence fluid movement through sands, 
(10) solubility of gases in oils, (11) effect of dissolved gases upon the 
properties of the solution. These investigations have demonstrated 
that almost every problem relating to oil production also involves some 
phase of natural gas engineering. 

During the past 15 years the use of experimental methods for the 
discovery and measurement of obscure, influencing factors, which cannot 
be determined purely by hydrodynamic or thermodynamic analyses, 
have contributed much towards the progress made in solving the prob- 
lems of the oil and gas industries. Most of the experimental work on 

*This paper is based largely on the natural gas symposium that was held at the 
Dallas meeting, October 6, 1933. 

} Consulting Geologist and Engineer. 

{ Professor of Petroleum Engineering, Missouri School of Mines and Metallurgy. 

‘Specific references are omitted from the greater portion of this paper, but the 


accompanying bibliography attempts to include the majority of publications that 
bear on the topics discussed. 
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gas problems has been limited to dry gas and unconsolidated sands in 
the laboratory, but other studies have been successfully completed with 


actual sand cores, and with wells producing oil, or gas, or both. In the 


ease of oil associated with gas, the data obtained through experimentation 


with these mixtures provide valuable information which is directly 
applicable to production problems. 


The necessity for complete and accurate well and production data, 


including the geological, physical and chemical factors that control the 


characteristics of the reservoir fluids, cannot be emphasized too strongly 
as the foundation upon which an ideal development and operating 


program must be based, or upon which sound estimates of reserves must 


stand. Whether the problem be the determination of the open-flow 


 eapacity (or the potential) of gas or oil wells, the flow of fluids through 
the reservoir, or the estimation of reserves, the measurement of gas will 


be necessary. An understanding of the chemical and physical laws 
governing the behavior of confined gas, oil and water, or mixtures of 
these, at various temperatures and pressures, is therefore imperative. - 

Methods are now available by which the texture, shape and size of 
the grains and the amount of cementing material in the rock, as well as 
the shape and size of the pore spaces which in part control the behavior 
of the fluids in contact with the minerals that compose the reservoir 
strata, can be studied experimentally. The effect of these character- 
isties upon the total reservoir capacity and the quantities of oil and gas 
recoverable through different methods of production can also be evalu- 
ated, at least collectively. 


WELL Data 


In general, the information now available for any of the developed 
oil and gas fields lacks certain desirable data that could only have been 
obtained when the field was new, but the significance of which may not 
have been realized at that time. In the light of present-day research, 
at least the following data should be obtained and recorded for every 
initial productive well in every field. (Some of these can also be obtained 
for the dry holes.) Subsequent to discovery, certain key wells should 
be selected from which similar data may be obtained periodically: 

1. Depth of the well: elevation of well head. 

2. Log of the well, showing casing procedure, water, gas and oil 
shows, and position of cement. State whether or not well was shot, or 
treated with acid, quantities used, results. 

3. Waters encountered; specimens should be saved, the depths 
recorded, and the waters analyzed as soon as possible. 

4. Sand penetration. 

5. Shut-in pressure at the well head, preferably taken with a dead- 
weight tester; at least a newly calibrated spring gage should be used. 


BASIC ee ‘FOR OIL 


6. Capacity tests. Under this ee be ree 
the flow pipe, the temperature, pressure and the | ti 
and if gas, the bases on which the volume is computed. The d 
of the test, the maximum capacity, or the capacity per unit of time per 
unit of pressure drop should be computed. iw 

7. Bottom-hole data. Temperature, pressure, sample of gas ido 
oil taken with well shut in. ; 
8. Properties of reservoir fluids. A complete laboratory setite 4 
should be made at once of the viscosity, surface tension, and specific 
gravity of the oil at reservoir temperature and pressure. The solu- 
bility of the gases, and the changes in the above physical properties 
of the oil which occur as gas is withdrawn from the solution should also 
be investigated. 
9. Gravity of the gas; chemical composition; calorimetric determi- 
nation of B.t.u. value; gasoline content per M. cubic feet. 
10. Core samples. As many cores as possible should be preserved 
-and tested for permeability and porosity. 
Of the above, 1, 2, 3, 4 and 9 are commonly available in some form 
or other for most wells, and are not discussed further. 


PRESSURE DaTA 


Well-head pressure data should always be supplemented by detailed 
information concerning the environment of the locality at the time the 
pressures are taken, such as: (1) the drilled density of the area, (2) 
whether adjacent wells were within the drainage influence of the one 
tested under ‘“‘shut-in”’ conditions at the time the test was made, (8) if 
near-by wells were “in the line,” what was their casinghead pressure, 
what was the line pressure against which they were ‘working,’ what 
volume of gas and/or oil was being delivered at the time, (4) how long 
these wells (if close by or in densely drilled area) were in the line before 
the key well was tested. 

If the test of a gas well is made during or shortly after a period of 
‘“‘peak loads,” the results of calculations based thereon will be mis- 
leading because of the low-pressure areas that develop during such 
periods. Equilibrium cannot be established in large fields, or in many 
types of reservoirs, unless the field is shut in for several days. In some 
West Virginia and Kentucky gas fields months are required to build up 
maximum reservoir pressures after heavy winter withdrawals, conse- 
quently under normal operating conditions the most reliable reservoir 
pressures are obtainable only during the summer or early fall months. 

If the well is wet—i. e., contains fluid—a bottom-hole pressure 
gage should be used, or it must be thoroughly freed from oil or water 
before reliable pressure tests can be made with the steam or tube gage. 


ata 


LEON J . PEPPERBERG AND EUGENE A. STEPHENSON 


Capacity TESTS 


The capacity of gas wells may be determined by the “minute pressure 
method,” Pitot tube measurement, orifice or other meter measurement 
and the ‘“‘back-pressure-capacity method,” which is a series of metered 
flows taken under different pressure gradients. The latter method was 
developed by the U. S. Bureau of Mines and the American Gas Assn. 
(Pierce & Rawlins, U. 8. Bureau of Mines, Serial Numbers 2929 and - 
2930, May, 1929) and is superior to other methods because of its sim- 
plicity, because very little gas is wasted in comparison with other open- 
flow methods, and because of the accurate data acquired. The latter 
include: (1) the rate of delivery expressed as cubic feet per 24 hr. at 
14.4 Ib. per sq. in. and 60° F.; (2) absolute reservoir or “shut-in” pressure . 
at the sand, corrected for weight of gas column; (3) absolute back-pressure 
at sand face in the well corrected for weight of flowing gas column and 
drop in pressure due to friction in producing string; (4) specific gravity 
of gas; (5) temperature of gas; (6) internal diameter of producing string; 
(7) length of pipe. : 

The volume and pressure measurements thus obtained are applicable 
only to the particular well. The data can be used: (1) to control deliv- 
eries at different back-pressures with a nearly constant formation pres- 
sure, (2) to calculate the ability of the well to deliver definite quantities 
of gas to pipe lines under various working pressures, (3) by the use of 
assumed dimensions of the radial reservoir cross-section through which 
the volume of gas flows under the specific pressure gradient, it is possible 
to calculate roughly the effective permeability of the pay zone in the 
vicinity of the well; (4) the accurate pressure determinations used in 
this method furnish fundamental data which are a vast improvement 
over the usual “catch as catch can” so-called pressure determinations 
frequently taken for operating purposes. 

These accurate pressures for individual wells, taken with the dead- 
weight tester or a properly tested spring gage of correct pressure range 
to fit the conditions, can also be utilized to define pressure zones and 
compute the weighted average pressure for the field. From these 
average reservoir pressures, as of successive dates, the true pressure 
decline can be calculated; the latter may be used in conjunction with 
the metered volume of gas produced during the pressure drop, to deter- 
mine the remaining reserves. Pressure data from individual wells can 
also be used to determine drainage interference and thus aid in the proper 
spacing of the wells and in outlining economical drilling programs. 

A similar method is used for the determination of the open-flow 
capacity, or potential, of oil wells. The information required is (1) 
shut-in bottom-hole or reservoir pressure, (2) a series of measured produc- 
tion rates taken with several different bottom-hole flowing pressures. 


88 
The logarithmic plot of such data is similar to that for gas wells, seats 


Extrapolation of the lines to zero pressure differential affords a theoretical 
value for the well potential or open-flow capacity. On account of the 
weight of the fluid in the hole, the absolute potential or open flow cannot 
be actually measured, but the extrapolated or theoretical results afford 
a sound basis for the comparison of the well capacities, without the usual 
- waste and hazards that accompany the ordinary capacity tests. 


BoTTroM-HOLE DaTa 


The use of bottom-hole devices, which record temperature, pressure 
and inclination, has increased rapidly during the past five years, and 
has contributed extensively to a knowledge of reservoir conditions. 
Bottom-hole samples can now be secured at the identical pressures and 
temperatures of the reservoir. The results to be obtained through the 
investigation of such samples will be of far-reaching importance. 


PROPERTIES OF RESERVOIR FLUIDS 


Many phases of production engineering, such as operating methods, 
rates of withdrawal and ultimate recovery, are closely linked with changes 
that take place in the characteristics of the reservoir fluids after produc- 
tion has been initiated. Since for the most part these changes appear 
to be functions of the variables, temperature, pressure and solubility, 
the ideal time to acquire fundamental data as to the effect of these 
variables upon the reservoir contents would be immediately after the 
reservoir has been penetrated. Hence the initial well should be shut 
in and a bottom-hole sample of the reservoir fluids obtained, to serve 
as the standard with which all future samples can be compared. These 
samples should then be carefully studied for the effects of reduced pres- 
sures and temperatures on the solubilities of the gases, and also for the 
accompanying modifications in the physical properties of the fluids. As 
the field is developed, key wells should be selected from which similar 
samples can be acquired, and the entire procedure of sampling and testing 
should be repeated periodically in order to ascertain the fundamental 
changes that have taken place with the reservoir. 

While it is not yet possible to evaluate the combined effects upon the 
reservoir and its contents engendered by the variables mentioned, this 
is largely due to insufficient data. Certain it is that changes in the 
composition and properties of the gas and oil take place as the pressures 
are reduced, and if the basic data for each reservoir can be secured, then 
supplemented periodically by similar data, it will in time be possible to 
apply the results to operating problems. In the long run the value of 
the data will far outweigh the cost of acquisition. 


that in the latter case the differences in the pressures squared are used. a 
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CorE SAMPLES 


In this connection it must be pointed out that a uniform porosity or 


permeability never exists, either vertically or horizontally, for any great 


distance in any reservoir strata. The connected permeable zones con- 
tain the only “effective porosity” in any formation. The permeable, 
‘‘effective porosity”? zones, plus open joints, bedding planes, channels, 
fractures, cavities, etc. (which cannot be evaluated from cores recovered) 
constitute the “pay” portion of the formation. Usually there is con- 
siderable difference between the “pay” and the sand thickness recorded 
in well logs as having been penetrated by the well. Consequently it 
is imperative to examine numerous complete cores taken from scattered 
wells throughout the field. This should be supplemented or replaced 
by accurate measurements of the increase or decrease in the volume 
and pressure of gas wells and the increase or decrease of the gas-oil 
ratio for oil wells while “drilling in,” so as to determine within reasonable 
limits the thickness of the pay portion of the producing formation. The 
accuracy of the porosity-area method of estimating oil and gas reserves 
is dependent in a large measure on the accuracy with which the thickness 
of pay zone is determined. 

The term “porosity” should be confined to the percentage of voids 
in the rock. Effective porosity should be limited to the voids that not 
only constitute oil, gas and water reservoirs but that are so continuously 
connected, and of sufficient size, that their confined fluids can be recov- 
ered, even at the minimum differential pressure at which the reservoir 
will be operated during the economic life of the field. In spite of a high 
percentage of voids the rock can be practically impervious, owing to the 
lack of effective porosity. 

Permeability must be distinguished from porosity as so often loosely 
used. It is “the volume of a fluid of unit viscosity passing through a 
unit cross-section of the material under a unit pressure gradient in unit 
time.” (See reference 82 in bibliography.) For the same porous 
medium, fluid and time unit, the permeability factor is not constant if 
there is a change in temperature, or in the pressure gradient. 

It is highly desirable that an instrument be devised that will not 
only cut the core but bring it to the surface without the loss of any of 
its contents. Saturation tests performed on cores taken by usual 
methods rarely reflect the true character of the sand in place, and until 
such an instrument is available, saturation tests must be regarded 


as approximations. 


SuMMARY 


The intimate association of oil and gas in reservoirs, and their similar 
behavior under many conditions, together with the marked changes 


St 1 oil and res es can es be 


Far more vida well and pepe sic 


left to the skill of the engineer. 
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Effect of Gas Withdrawal upon Reservoir Fluids* 


By Ben E. Linnsty, } BARTLESVILLE, OKLA. 


(Dallas Meeting, October, 1933) 


Tue withdrawal of gas and/or oil in appreciable quantity from a 
natural oil reservoir causes the pressure within the reservoir to diminish, 
and if the oil is completely saturated with gas, this dissolved gas begins 
to evolve from solution. The liberation of gas from solution in oil causes — 
the oil to change in several ways, the principal changes being: (1) reduc- 
tion in volume or ‘“‘shrinkage”’; (2) increase in specific gravity (decrease 
in degrees A.P.I.); (3) decrease of energy in the oil; (4) eee viscosity ; 
(5) increased surface tension. 

As the writer’s investigations have been concerned more with the 
first three items than with changes in viscosity and surface tension the 
following discussion relates ‘particularly to the volumetric shrinkage of 
the oil, to the increased specific gravity, and to the decreased energy in the 
oil, each caused by the liberation of dissolved gas. 

One of the most surprising facts that have developed in the study of 
high-pressure well-head and ‘‘bottom-hole”’ samples is the great reduction 
in volume that occurs in some oils when the naturally dissolved gas is 
liberated. High-pressure samples taken from well heads in the Oklahoma 
City, Kettleman Hills and Ventura, Calif., fields decreased in volume 
from 11.2 to 40.5 per cent when the dissolved gas was liberated in reducing 
the pressure on the sample to atmospheric. 

The amount of shrinkage an oil undergoes when gas is liberated 
depends upon the quantity of gas liberated and also upon its composition. 
A given volume of the heavier gases, propane and butane for example, will 
occupy more space in the oil than an equal volume of methane. The 
reason for this probably is that the molecules of the heavier gases are 
larger than those of the lighter gases. When gases are not in solution, 
and particularly when they are at low pressures, the distance between the 
gas molecules is so much greater than the dimensions of the molecules 
themselves that the mere size of the molecules has little effect upon the 
space occupied by the gas. Avogadro’s hypothesis, which in effect 
states that all gases under the same conditions have the same number of 
molecules per unit volume, relates to this phenomenon. The fact that 
the heavier gases occupy more space than the lighter gases in the oil, and 
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; consequently cause greater shrinkage when liberated from solution, is 
brought out conclusively when curves are constructed to show the 
_ volumetric changes an oil sample undergoes when gas is liberated by 
_ reducing the pressure on the oil sample. ; 
Such curves have been shown by the writer.!_ In Fig. 2 of the paper 
. referred to a well-head sample of Kettleman Hills light-gravity crude oil 
shows a total shrinkage of approximately 37 per cent. Half of this 
shrinkage took place in reducing the pressure from 1672 to 273 lb. per 
sq. in. absolute, and the other half (18.5 per cent) took place in reducing 
the pressure from 273 lb. per sq. in. absolute to atmospheric. It required 
the liberation of 844 cu. ft. per barrel to accomplish the first 18.5 per cent 
reduction in volume, whereas the remainder of the shrinkage was accom- 
plished by the liberation of 418 cu. ft. per barrel. The reason that 418 cu. 
ft. per barrel when in solution occupied the same space that 844 cu. ft. 
per barrel occupied can be understood if the analyses of the gas are 
considered. The 844 cu. ft. that caused the first half of the shrinkage 
was composed of 85.7 per cent methane, 8.77 per cent ethane, 3.47 per 
cent propane, 1.83 per cent butane, and 0.21 per cent pentane. The 
analysis of the 418 cu. ft. per barrel that caused the last half of the 
shrinkage was 27.3 per cent methane, 30.13 per cent ethane, 26.82 per 
cent propane, 11.92 per cent butane, and 3.50 per cent pentane. 

The foregoing example, with one important exception, illustrates 
what has been found in all samples taken to date from the well head and 
from the bottom of the hole in fields of East Texas, Seminole, Oklahoma 
City and California. The single exception relates to a “‘bottom-hole” 
sample taken recently from the Crescent field, Okla. (bottom-hole pres- 
sure, 2814 lb. per sq. in.). This sample did not show the expected high 
rate of shrinkage over the low-pressure range. Its shrinkage curve 
showed a straight-line relationship over nearly the entire range of pressure 
reduction from 2575 lb. per sq. in. absolute (the saturation pressure of the 
sample) to atmospheric pressure. From 100 lb. per sq. in. to atmospheric 
pressure the curve departed from the straight-line relationship and in this 
respect was similar to previous samples. The writer understands that 
E. P. Weatherly, Humble Oil & Refining Co., has shown results on 
 “bottom-hole” samples from the Hobbs Field similar to those the writer 
: has described as typical of the Kettleman Hills, Ventura, East Texas 
and Oklahoma City fields in that shrinkage, which takes place over the 
low-pressure range, is large compared to the total shrinkage. 

With reference to the change in gravity due to liberation of dissolved 
gas, Beecher and Parkhurst and Dow and Calkin showed several years 
ago, and W. N. Lacey more recently, that putting gas into solution caused 
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1B. E. Lindsly: Solubility and Liberation of Gas from Natural Oil-gas Solutions. 
‘_-y. 8. Bur. Mines Tech. Paper 554 (1938). 


had an opposite effect. The ies vee Saas that hea it og are m 
evident in natural oil-gas solutions taken either from the bottom of the — 
~ hole or at high pressure from the well head. For example, the output 
from a well in the Oklahoma City field that produced 39.9° A.P.I. oil 
was probably 62.6° A.P.I. before the liberation of 430 cu. ft. per barrel 


over a pressure range of 1103 lb. per sq in. to atmospheric pressure. — 


Similar data on Kettleman Hills oil indicate that 61° A.P.I. oil was 102.3° 
A.P.I. when it held in solution 1263 cu. ft. per barrel at 1672 lb. per 
sq. in. pressure. 

The withdrawal of gas causes a shrinkage of the liquid eaiunad of an 
oil pool regardless of whether or not oil is produced. This creates gas 
spaces in the sand body and tends to promote bypassing of gas which 


might have been able to perform some useful work in driving oil towarda _ 


well. Some of the gas liberated from solution finds its way to the gas cap 
and becomes a part of the free or extraneous gas. Also, where the oil- 
bearing formation is a fine-grained sand, some of the gas liberated from 
solution probably remains within the oil body in the form of minute 
bubbles.. Such bubbles undoubtedly would interfere with the free 
flowing of the oil within the sand body. 

The loss of energy in the oil due to the liberation of dissolved gas is 
important. Experiments on ‘‘bottom-hole” samples in East Texas? 
showed that the oil contained between 330,000 and 430,000 ft-lb. of 
energy per cubic foot. This energy is due to the gas in solution, which - 
evolves and expands upon reduction of pressure. At 100 per cent 
efficiency only 170,000 ft-lb. would be required to raise 1 cu. ft. of East 
Texas oil to the surface. However, as the lifting of oil by the expansion 
of its dissolved gas is rarely over 20 per cent efficient, the importance of 
conservation and development of greater efficiency of utilizing the energy 
in the dissolved gas becomes apparent. 

No data have been given regarding the increased viscosity and surface 
tension resulting from liberating gas from solution in oil. Others are 
present who have done considerable work along that line. However, it 
must be apparent that increasing the specific gravity of an oil by removing 
its lighter constituents must result necessarily in increasing its viscosity 
and surface tension, because the lighter constituents invariably have low 
viscosity and low surface tension. The removal of constituents having 
low viscosity and surface tension, therefore, will result in increasing the 
viscosity and surface tension of the residual oil. 

In conclusion, the withdrawal of gas from an oil pool reduces the 
energy in the dissolved and in the free gas, causing the oil to shrink in 


2B. E. Lindsly: A Study of “Bottom-hole” Samples of East Texas Crude Oil. 
U. 8. Bur. Mines Rept. of Investigations 3212 (1933). 
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_ DISCUSSION 
(L. J. Pepperberg presiding) 


Se C3 EB ReEIstxz, Jr.,* Kilgore, Tex.—I found that it was possible, in the East Texas 
field, to determine the gravity of the oil as it entered the well and the decrease in é 
4 _ volume of the oil when brought to the surface by use of bottom-hole pressure data. The 
results of my tests indicated that the East Texas oil in the reservoir has an A.P.I. 
PMs of 56.2° and that the volume of the oil decreased 17 per cent when brought 

+o the surface and measured under atmospheric pressure and at a temperature of 
ol Fas F. The A.P.I. gravity of the oil under these conditions ranges from 36° to 40°. 
a I believe that our present-day knowledge of reservoir conditions and the movement 

of oil and gas within the reservoir sand clearly indicates the value of retaining a 
maximum quantity of gas in solution in order to maintain a low viscosity and sur- 
face tension for the oil. If this is done I believe much greater recoveries of oil will 


be obtained. 


OO a ee 
* Chairman, East Texas Engineering Association. 
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Ley } 
By C. M. Raprr* anp R. A. FEEMSTER, * Sartore Oxia. 58 er . 


(Dallas Meeting, October, 1933) +e, 


Because of the necessity for taking regularly occurring Spchee w 
tests in prorated high-pressure oil fields, much gas is turned to atmosphere 
by way of vertical vent lines leading away from the oil and gas separator. 
In the past, measurement of such gas has been accomplished by several 
methods, usually by use of the open-flow Pitot tube. The use of the — 
closed-flow Pitot tube has been avoided apparently chiefly because the — 
ordinary vent-line hook-up makes it necessary to apply the instrument 
closer to a bend, valve, or obstruction in the pipe than is recommended _ 
by rules of good practice. 

The many advantages that would result from the application of the 
closed-flow Pitot tube prompted investigation of the actual effect upon 
quantity rate of flow measurements computed from data obtained with — 
the tube in a normal working position, which is closer to the tee at the 
base of the vent riser than is usually considered as giving highly accurate 
results. An effort was first made to compare the results thus obtained 
to those under ideal conditions and at high velocities. 

To make this comparison, knowledge of the characteristics of gas 
flowing at very high velocities is essential. Research for such informa- 
tion indicated that little or no work had been done that would give data __ 
necessary for such a comparison, therefore the problem was changed to a 
test designed to determine the relationship between quantity rates of 
flow as measured by an orifice meter and a Pitot tube placed at the center 
of a pipe eight diameters from a tee or ell at the base of a vent riser, 
through which gas is flowing under low pressures at very high velocities. 

To determine this relationship, a series of tests was run on a number 
of 8-in. iron-pipe vent risers in which the Pitot tube data were taken at 
the position as stated above. Gas from a wet-gas gathering system was 
passed through an orifice meter setting and thence to atmosphere by 
way of the vents. 

Data were taken simultaneously from the orifice meter and Pitot tube 
from which computations for comparisons were made. The actual 
method of comparison is discussed later in this paper. 

_ Since Pitot-tube information is usually given in general terms, and not 
readily usable, it will be the purpose of this paper to discuss the applica- 
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* Engineer with Phillips Petroleum Co. 
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she closed. ow Pitot tube to the specific problem of measuring 
-vent-line gas. This will include information relative to 


Z a obtained by the instrument, and some of the theory upon which 
_ computations are based. 


Pitot TusBE 


- The Pitot tube (Fig. 1) used in the test was patterned after the one 
found to give the most accurate data by W. C. Rouse.! The unit con- 
sists of two concentric tubes, packed off at both ends, containing a 90° 

- bend about 5 in. from the tip. The tip is beveled or “streamlined” so 
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Fic. 1.—Priror TUBE USED IN TEST. 


as to prevent interference with the energy, by the creation of cross 
currents, etc., when the tube is held in a stream of flowing gas. Midway 
between the tip and bend are four sets of small holes through the outer 
tube (two per set), drilled 90° apart on the circumference. By this 
arrangement, when the tube is held parallel to the stream of flowing gas, 
the total pressure (sum of the velocity pressure and static pressure), 
will be transmitted through the center tube and the static pressure alone 
will be transmitted by way of the small holes in the outer tube and the 
annular space between the two tubes. The difference of these two pres- 
sures is the velocity pressure and from the velocity pressure and static 
pressure the volume rate of flow can be computed. 


ee |? eee ee or 
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§ ‘'  Mernuops or READING 


In previous and other tests, similar to this but with the exception that 
low velocities were involved, the variation of quantity rate of flow was 
taken as a direct function of the velocity at the center of the pipe. On 
the assumption that this is the only factor that enters into the relative 


; 1W. C. Rouse: Pitot Tubes for Gas Measurement. Trans. Amer. Soc. Mech. 
‘Engrs. (1913) 35. 
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values of correct rate of flow and that measured —— tot 
at the center of the vent at such high rates of flow as are ere 


velocity. Since knowledge of the average velocity of Jonidel gas ‘is = 
necessary for quantity rate of flow computations and the Pitot tube — 
measures only the velocity at the tip of the tube, the following three 
J general methods have been employed in the past to arrive at the average — 
: velocity from the Pitot-tube readings: 
; 1. The pipe is traversed with the Pitot tube, taking readings for 
regular concentric areas. The average velocity head may then be taken 
as the square of the average of the square roots of these velocity heads. 

2. A pressure reading is taken at a point a fraction of the distance from | 
the pipe wall to the pipe center, which is assumed to be the point of aver- 
age velocity head. 

3. The center velocity is measured and the average velocity is com- 
puted by the previously determined relationship of the two. For 
reasons brought out in the following discussion, it is fairly evident that 
this method is the most adaptable to the problem in question. 

W. C. Rouse? found that gas flows through a pipe in a wave or spiral 
motion and at no time is the velocity distributed uniformly across the 
pipe, being greater in one-quarter section than in the other three-quarters, 
at which time the velocity on any diameter is constantly changing. 
However, he also found that there is an approximate relationship between 
the mean velocity and that obtained by placing the tube at the center 
of the pipe and for 12-in. ordinary iron pipe, results within 2 per cent 
may be expected by using 


= V 2g X 0.8h 


in which v is the average velocity and h is the velocity head at the center 
of the pipe in feet of gas. By taking the 0.8 factor from beneath the 
radical, the equation becomes v = 0.895+/2gh and the 0.895 factor takes 
on the characteristics of the efficiency factor such as is ordinarily intro- 
duced into the orifice meter formula to make the correction from hypo- 
thetical to actual flow. In other words, Mr. Rouse found that under 
ideal conditions at relatively low rates of flow the ratio of theaverage 
velocity head to the center velocity head is approximately 0.8, or the 
ratio of the average velocity to the center velocity is approximately 
0.895. It should be remembered that these are the results of tests on a 
12-in. pipe under ideal conditions. 

Other work has been done relative to the ratios of average to center 
velocity. The National Physics Laboratory (1914) established a curve 


2 W. C. Rouse: Reference of footnote 1. 
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~ to show t is value for given values of 


Wicax'¥. 7 Lesa) F : ; 

* 7 in which d = pipe diameter, 
Ure, = velocity at center and wu is the absolute viscosity. This curve was 
 earried up only through a range of low values of the modulus. An 

extension of this curve would undoubtedly yield much valuable informa- 


eit Strictly speaking, this factor is not a constant but increases at higher 
velocities. The range of variation, however, is so small that the factor 


TasBLe 1.—Results for a Typical Vent Line 


Vent No. 2, 7.92 In. Inside Diameter , 


Vent No. 1, 8.00 In. Inside Diameter | 
Metered Volume, Velocity | Static E Metered Volume, | Velocity | Static E 
Cu. Ft. per Hr. Head Head Cu. Ft. per Hr. Head Head 
Inches Water Inches Water 

78,800 0.8 0.9 | 0.895 111,300 0.60} 0.50] 1.538 

111,300 1.6 1.7 | 0.895 157,800 2.4 2.31 07 

176,400 3.4 3.2 | 0.971 271,100 8.4 7.3 | 0.98 
; 223,000 6.0 5.2 | 0.922 315,000 12°47) 11.2) 0.885 
: 282,000 10.0 8.3 | 0.898 388,100 1820) |) 19-2 NOs9NS 
4 313,000 12.2 | 10.2 |0.903| 346,000 | 20.4 | 28.2 | 0.95 
a 332,000 14.0 | 11.7 | 0.894 
¥ 398,000 19.4 | 16.9 | 0.899 Inches 
- Mercury 
1 Inches 
d Mercury 466,000 20) 221 ©. B38 
5 556,000 2.8 2.9 | 0.898 
3 480,000 2.0 2.2 | 0.919 595,000 312 3.2 | 0.887 
j 535,000 255 3.0 | 0.890 621,000 3.4 3.3 | 0.899 
j 571,000 2.7 | 3.6 | 0.920] 671,000 3.9 | 3.6 | 0.902 
4 616,000 3.2 4.2 | 0.890 

669,000 3.6 4.8 | 0.895 

710,000 4.2 5.6 | 0.878 

742,000 4.5 6.0 | 0.88 

ere ey ee OE 


can be assumed to be constant without causing an error in excess of 


2 per cent. 
As previously stated, lists were made to determine the effect of apply- 
ing the Pitot tube close to a tee. Evidence of this effect was arrived at 
-_by measuring the rate of flow with an orifice meter and at the same time 
taking the static and velocity pressure with the Pitot tube placed at the 
pipe center. 
As will be brought out later, the quantity rate of flow may be com- 
puted from a formula thus: 


\ Q = CEVhp 


A NEW | 


hg af 


pressure. " wwhe PE 
In the test Q was obtained from the orifice me nent 
computed from known conditions of pipe diameter densi y of | 
h, and p were determined by the Pitot tube readings. Solving 
results, for a typical vent line, are as given in Table 1, vent No. 
No. 2 is a good example of inaccuracies that may be met at low rat 
of flow. [ 
Ordinarily data are obtained with a manometer containing a suitable 
liquid (usually water or mercury), to register the pressure heads. Because 
of the fluctuating column of fluid, caused by pulsation of pressure, ete., 
an error of 149 in. could be made easily. This could cause a variation of — 
the # factor as great as any found in Table 1. . ; 
From results similar to those in Table 1, it is evident that the approxi-— 
mate ratio of actual flow to theoretical flow remains practically constant 
at 0.895 over a wide range of velocities, therefore this value will be 
applied in the following formula to correct the volumes arrived at by the 
previously stated conditions of measurement. 


ForRMULAS 


A formula for computing rates of flow from data given by a Pitot tube 
may be derived as follows in a manner almost identical to that for com- 


puting volumes from orifice meter data: j 
] 
Explanation of Symbols Used A 
SYMBOL EXPLANATION Unit or MEASUREMENT 2 
v Average velocity of flowing gas Feet per second 
g Gravitational acceleration (taken as 32.16) Feet per second per second : 
d Diameter of pipe Inches ‘ 
P_ Absolute pressure of gas Pounds per square inch 
T; Absolute temperature of flowing gas Degrees F. { 
h Height of homogeneous column of gas at P and T; 
producing v Feet . 
hy Height of water column corresponding to h (veloc- 
ity head) Inches 
hs Static-pressure head Inches 
yw Density of water taken as 62.37 at 60° F. Pounds per cubic foot 
ya Density of air taken as 0.08073 at 32° F. at 14.7 lb. 
per sq. in. Pounds per cubic foot 
y Density of flowing gas Pounds per cubic foot 
T, Absolute temperature base Degrees F. 
P, Absolute pressure base Pounds per square inch 
Q Volume rate of flow Cubic feet per day 
G Specific gravity of gas relative to air None 
E Ratio of actual to hypothetical flow None 
A Area of cross-section of pipe Square foot 


Subscripts: b = base, f = flowing, a = air, s = static pressure, w = water. 
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eae = 86,400 Av. cu. ft. per day | w 


Goll, a column of gas is enclosed in a vertical pipe and the bottom of the 


g pipe is opened, the gas will flow 


according to the fundamental law 


supported by the pressure due to 
— the velocity of a moving body of 
gas, it can be assumed that the gas 
_ is moving with the reliety v 


- substituted. If water is used, and 
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from the pipe with a velocity 


v= V 2gh [2] 


east Bushing rm 


If this same column of gas is 


where 
= V 2gh 
Since it is inconvenient actually 


to measure a head of gas, its 
equivalent of a liquid may be 


/ 


----6 or More ------------- 


Vent Riser 


measurements are in inches, the 
change must be made as follows: 


23 heYw 
Substituting for h, 
y= | 2gh [4] Fig. 2.—PirorT TUBE ON VENT. 


The density of a gas is equal to the product of the density of air and the 
specific gravity of the gas, each at the same temperature and pressure 
conditions. The density of air at 32° F. and 14.7 lb. per sq. in. is 
0.08073 lb. per cu. ft. Since the density of a gas varies directly as the 
absolute pressure it exerts and inversely as the absolute temperature, the 
density of eas at any temperature and pressure conditions is 
‘ag yx 49.2 49.2 


1 = @ X 0.08073 X T7% T [5] 
Substituting in formula 4 for y, g and yw 


ie ve 32:16 < 62.37 K 14:7 XK hT; 
12 X 0.08073 X 492 X P,G 


Then substituting for A and v in equation 1 


_ 86,4007d? af Soe 16. © 00.o7 eli Ne Xl 
OS x 144 12 X 0.08073 X 492 xX PG 


[6] 


P/Q) _ _ PQs, 
Bee ors. } 


hence ® = 


Then replacing Q; by the right-hand member of equation 6, : 


86,400rd? Ps Ts HE X 32.16 X 63.37 X14 7hT, py 
Q = ax 4d BES 12 X 0.08073 X 492 PsG a 
T : whet ) 
. Clearing and canceling, P, ra a 
Ty Wier Ty 
+ yi 
Q = 5242.560 SIG j 
. For reasons previously brought out, the efficiency factor must be 
introduced into the equation, thus giving the formula 
Q, = 5242.56Hd? PN ia . [9] 


a 
which is the basic formula to which any set of conditions may be applied. | 
Gas-measuring practice generally assumes the following conditions: 
TT; = 520 foo F) 
. Ty 520°(80° Fe) 
P, = 14.4 
Ge] 
Substituting these conditions in formula 9, we find that 


Q, = 8301.08Hd?V/h,P [10] 


Where both h and P in equation 10 are measured in inches of water, 
and H = 0.895, we find: 


Qs = 1411.66d2/h, (408 + hs) [10a] 


I 


When both static and velocity pressures are measured in inches of 
mercury, equation 10 becomes 


Qs = 19,361d?V hong(30 + Rene) [100] 

These equations assume atmospheric 5 to be 14.7 pounds per 
square inch. 

It has been demonstrated in the field, by the writers, that formula 10b 

is applicable to data obtained by the chased sien Pitot tube for volume 

rates of flow between 2,000,000 and 17,000,000 cu. ft. per day through an 
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 8-in. vent line. It is reasonable to believe that the general formula would 
_ hold true for vent lines of other diameters and at higher rates. 


CoNCLUSION 


This discussion brings out the fact that the closed-flow Pitot tube can 
be used under conditions considered adverse to good Pitot-tube practice, 
with a comparatively high degree of efficiency. It may be that the same 
efficiency factor as determined herein would not hold true for all sizes of 
vents, but it is reasonable to believe that for pipes of sizes used for vent 
risers the value of the factor would not vary appreciably. 

It should be noted that the value of the H# factor as determined by 
W. C. Rouse for velocities up to 100 ft. per second arrived at under ideal . 
flow conditions coincides with that obtained at very high velocities 
(800 ft. per second and over) obtained close to a bend. It may be that 
at the high velocities, the bend does not have so great an effect as at low 
velocities and the relationship as established by Mr. Rouse can be 
extrapolated to apply to higher velocities. 

The increased demand for more knowledge concerning limits of appli- 
cation of the closed-flow Pitot tube to vent-line gas measurement should 
justify further investigation into the subject. 

The information most useful for the application of the Pitot tube as 
herein described would be in the form of data concerning the effect as 
reflected upon the efficiency factor by varying the velocity up to critical 
velocity through pipes of various diameters. — 

Until this is done, however, the relationship established herein can be 
used with the assurance that it yields more consistently accurate results 
than that provided for other types of Pitot tube. 

In addition to the paper by W. C. Rouse, the authors consulted a 
paper by T. B. Weymouth, on National Gas Measurement, and various 
textbooks. 


DISCUSSION 
(E. A. Stephenson presiding) 


GC. M. RapEer.—It was early seen that all the various operating companies should 
be in a position to measure gas on the same basis. We found many different methods 
in tise and they varied in results obtained up to a maximum of 30 to 40 per cent. 
If oil production is to be prorated on a gas-oil ratio basis it is advisable to have an 
accurate system for measuring the gas. 

L. J. Perpersera,* Dallas, Tex.—If accurate methods for measurement of gas 


are employed as gas wells are drilled in we will have valuable data upon which to base 
the estimated thickness of the ‘‘pay”’ portion of the producing formation. 


* Consulting Geologist and Engineer. 
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Comparative Resistance of Certain Commercial Ferrous 
Materials to Corrosion by Gaseous Hydrogen Sulfide’ 


(A Lasoratory Srupy at ORDINARY TEMPERATURES) =. 
7 
By Joun M. Devinz,{ C. J. WitHEeLm{ anv Lupwic Scumipt, § BARTLESVILLE, OKLA. 


‘= 


(New York Meeting, February, 1934) 


\ ABSTRACT a. 


A corrosion-testing apparatus which operates in the field and which _ 
will determine the comparative resistance of various ferrous materials 
to corrosion by gaseous hydrogen sulfide at ordinary temperatures is 
described. The principle of the uniform method of testing is to allow — 
natural gas containing hydrogen sulfide, direct from its source in the 
field, to flow over the group of specimens for a given period of time, and ~ 
subsequently to estimate the corrosion sustained by each specimen by 
determining its loss in weight. The comparative results obtained when 
specimens of 47 representative ferrous materials of described typical 
composition were tested at ordinary temperatures with natural gas con- 
taining hydrogen sulfide are given in tables showing average penetration 
of metal, inches per year. 

The primary purpose of the work was to determine the possible 
utility to the petroleum and natural gas industries of ferrous materials 
that are commercially available, and no attempt is made to discuss the 
results of the tests from the metallurgical standpoint. The following is a 
summary of the results obtained: 

1. Steels containing 12 to 27 per cent of chromium showed the highest 
resistance to corrosion. The presence of nickel in these high-chromium 
steels did not affect their resistance. 

2. Steels containing approximately 5 per cent of chromium showed 
comparatively high resistance, but somewhat less than that of the high- 
chromium steels. 
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* Printed by permission of the Director, U. 8. Bureau of Mines. The paper in 
full was published as A.I.M.E. Tech. Pub. 531. 


} Associated Petroleum Engineer, Petroleum Experiment Station, U. 8. Bureau of 
Mines. Died Dee. 7, 1933. 


{ Assistant Petroleum Engineer, Petroleum Experiment Station, U. 8S. Bureau of 
Mines. 


§ Petroleum Engineer, Petroleum Experiment Station, U. 8. Bureau of Mines. 
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aoe oN iekel cast iron was indicated as having resistance superior to all 

_ other materials tested, except those mentioned in paragraphs 1 and 2. 

_ 4, The remaining materials tested were attacked comparatively 
rapidly. These may be divided, however, into a “more resistant group” 
and a “less resistant group,” as follows: 

; (a) More resistant group: steels containing 0.50 to 5.00 per cent of 
nickel; copper-molybdenum steel; steels containing 0.65 to 1.00 per cent 
of chromium; copper-bearing steel; electric-furnace iron; and wrought 
iron (hand-puddled). , 

(b) Less-resistant group: ordinary bessemer and open-hearth steels; 
medium carbon steels; wrought irons; plain cast iron; and steel containing 


2 per cent of silicon. 


DISCUSSION 


(K. B. Nowels presiding) 
[This discussion refers to the original paper. See footnote on page 106.] 


R. A. Cattell,* Washington, D. C., in presenting the paper, stated that it was the 
third of a series and referred to the earlier work of the authors! which gave the i 
foundation for the present study. A particular application of the whole study is to 

the problem of internal corrosion of natural gas transmission lines. 


a Referring to the results given in the conventional terms: ‘average penetration of 
_. metal, inches per year,” Mr. Cattell explained that these figures were obtained by 
‘3 multiplying loss in weight by suitable numerical factors, as described by Speller,? 
and that this designation of the corrosion effect upon the subject metal gives a method 
j of comparison, or ‘measuring stick,” that is independent of the size and shape of 
the specimens. 

: Replying to the comment of a member that the accelerating effect of salt water may 
be in contrast with the humidity conditions of the tests, Mr. Cattell stressed the point 
4 made by the authors that such small-scale corrosion tests were indicatory only 


and that ultimate conclusions must be contingent upon trial under actual field condi- 
tions; where, in every instance, consideration must be given to economic as well 
as technical factors. Although recognizing their value, duplicate specimens were 
not used in the reported work because of limitations on time and facilities. However, 
a number of the specimens tested in the first run were also tested in the second, and 
consistent results obtained. The uniform method of testing is subject to reproducibil- 
ity which would be difficult if brines had been employed to keep the metal surfaces 
in a wetted condition. Mr. Cattell emphasized the desirability of further work on 


the problem. 


* Chief Engineer, Petroleum and N atural Gas Division, U. S. Bureau of Mines. 
1J. M. Devine, C. J. Wilhelm and L. Schmidt: The Effect of Oxygen on Gaseous 
Hydrogen-Sulfide Corrosion of Tank Steel. U.S. Bur. Mines Rept. of Investigations 
3160 (1932). 
Corrosion of Steel by Gases Containing Traces of Hydrogen Sulphide; Effect 
of Pressure and Moisture Conditions. U. 8. Bur. Mines Tech. Paper 560 (1933). 
2f, N. Speller: Corrosion—Causes and Prevention, 580. New York, 1926. 
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The discussion of the influence of brines upon the co 
recently revived method of stimulating oil (and gas) produc’ 
As an example of a number of conflicting problems having their 
tive method, a member cited experiences which seemed to indicate ‘tha 
inhibitors had failed to prevent corrosive action on well ee in some | 
where hydrogen sulfide and salt water were present. 


O. B. J. Frasmr,* Bayonne, N. J., made the following technical comments 
(written): A 

1. Ideas as to why the metals had not aligned themselves according to isa 
relative position in the electromotive series would be helpful. ‘ 

2. In reference to test procedure, the clothing of the test pieces with wet muslin 
sacks raises a question as to the influence of the wet fabric on the course of corrosion. 
It would be expected, in many cases, that this would cause some acceleration of corro- 
sion due to concentration-cell reactions consequent upon concentration gradients of 
important corrosive components of the liquid film due to shielding effects of the fabric. 
Such effects, if they occurred at all in the authors’ experiments, would occur on mate- 
rials containing little or no chromium, the high-chromium alloys being less subject 
to them. ; 

3. Usually, in corrosion testing, it would be considered an error in procedure to 
set specimens one above the other, so that moisture-carrying soluble products might 
drop from the upper specimens to those beneath. In the present tests, this condition 
may have been of no consequence, but in other cases the quantitative figures would 
have doubtful utility. 

4. The authors prepared their test pieces by somewhat refined methods of polish- | 
ing, which would be expected to produce on a high-chromium alloy a surface condition t 
highly inhibitive to corrosion. The influence of high surface finish would not Bs so 
great in lowering the normal corrosion rate of the other materials. 

5. The test period of 24 hr. possibly was too short to give a complete picture for 
the particular type of corrosion involved. Discussion of the possible influence of a 
longer period upon the results given in the tables would be helpful. 

6. The possibility of significant amounts of metal being removed in final polishing 
of the corroded specimens is suggested. As the corrosion products were loosely adher- 
ent, presumably but little pressure was required for theirremoval. As the total loss in 
weight of the individual test pieces was small, if any metal was abraded in the final 
cleaning note should be taken of this condition. 

7. Treating the subject of the accelerating effect of salt water, discussed at the 
meeting and mentioned in the summary of oral discussion, Mr. Fraser also referred to 
the destructive influence of chlorides upon what otherwise would be protective films 
of corrosion products and thought dangerous even a qualified suggestion that the 
results may have a limited application to hydrogen sulfide corrosion in which salt water 
is present. ; 

8. Commenting on the authors’ statement that the presence of nickel in chromium 
steels did not appear to impair their resistance to corrosion, which is in contrast to the 
conclusions of White and Marek,’ Mr. Fraser said: “Their tests were made on forging 
steels at forging furnace temperatures which is extremely far removed from the field 
covered by the present paper.” 

9. Where reference is made to nickel cast iron in tables and text, it would be 
advisable to call this material ‘‘nickel-copper-chromium cast iron” because it has 
significant amounts of both copper and chromium as well as of nickel. 


* Research Metallurgist, International Nickel Co. 


* A. White and L. F. Marek: Corrosion of Mild Steel and Alloys by Hydrogen 
Sulphide at 500° C. and Atmospheric Pressure. Ind. & Eng. Chem. (1932) 24, 861. 


ets 10. Although conditions of pressure and hydrogen sulfide content were not exactly 
the same in the two runs, yet they were sufficiently close so that the runs might be 
considered as varying from each other principally as to temperature. This makes it 
possible to draw conclusions on the effect of temperature upon the corrosion of several 


materials that were tested in both runs. 
11. In reference to item 1, summary of results, it is reasonable to assume that any 


- material with more than 27 per cent chromium would continue to show zero corrosion 


under the given test conditions. 


Mr. Fraser, in transmitting his comments on the paper, said: ‘‘It furnishes some 
timely information in a field of corrosion which has received scant attention up to the 
present.” 


L. Scumipt (written discussion).—Mr. Fraser’s very able and complete discussion 
of this report has brought out several pertinent facts. Unfortunately, however, 
several of his questions cannot be answered at this time, for, as pointed out by 
Mr. Cattell, “These small-scale corrosion tests are indicatory only and ultimate 
conclusions must be contingent on trial under actual field conditions.” 

There are several different classifications of corrosion and although this particular 
type of modified gaseous corrosion has been classified as electrochemical corrosion, 
there is good indication that it is a combination of chemical and electrochemical 
corrosion, which may account for the fact that metals do not align themselves accord- 
ing to their relative position in the electromotive series. 

In reference to the test procedure, the specimens were covered with wet muslin 
sacks to keep a moisture film over the entire surface of the test specimen, thus dupli- 
cating field conditions as far as possible. Where sufficient corrosion has taken place 
under service conditions, scale formed on the surface of the exposed metal will set up 
oxygen concentration cells, and the writers believe that by the use of muslin sacks a 
similar condition was created. There was no evidence in the tests that corrosion 
products dropped from top specimens to lower ones. 

The writers agree with Mr. Fraser that probably the influence of the polished 
surface in preparing the test specimens tended to make the high-chromium alloys 
more inhibitive to corrosion than some of the other metals. The method used, 
however, was adopted in order to use the loss-in-weight method for determining the 
amount of corrosion that occurred. The corrosion products were readily. removed 
from the test specimens without perceptible loss of the metal. For example, check 
runs made on blank specimens showed that the maximum loss in weight of metal 
was less than 0.1 mg. for the softest specimen. 

In regard to the influence of a longer period of testing upon the results, previous 
laboratory tests? of 72-hr. periods indicate the rate of gaseous hydrogen sulfide cor- 
rosion to be a straight-line function of time. However, it is a recognized fact that, 
as products of corrosion are formed, the rate of corrosion varies. The work of the 
writers indicates that these data may have a limited application to hydrogen sulfide 
corrosion where salt water is present; however, it must be kept in mind that this study 
is preliminary, and much additional work is necessary before definite conclusions may 
be drawn. 

M. H. Cuarx,* Reading, Pa. (written discussion).—The authors are to be compli- 
mented upon their choice of an important and interesting subject for investigation and 
the attention given to details of the apparatus and the conduct of the tests. However, 
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laboratory corrosion tests under controlled ¢ a ions h 
value because of the difficulty of reproducing in the laboratory t. e actual 
encountered in service. The authors recognize the limitations of labor 
when they say: “It must be emphasized, of course, that such small-scale corr 
tests are indicatory only; ultimate conclusions regarding the comparative resistar 
of any material will always be contingent upon its trial under actual field conditions.” | 

Under actual service conditions tanks, pipe, sucker rods, wire cable and other 
ferrous materials are rapidly and seriously attacked, generally by a pitting type of 
corrosion. Furthermore, sucker rods and wire cable that are subjected to alternating — 
stresses are seriously embrittled by hydrogen sulfide and the life of such parts is 
reduced out of all proportion to the visual damage. It is an established fact that es 
hydrogen sulfide gas alone will not attack iron and steel, but in conjunction with ~" 
oxygen and water it is responsible for some of the most serious corrosion problems of © 
the oil producer. All three of these agents are essential. It is a common belief that a 
high concentration of hydrogen sulfide is necessarily the cause of rapid corrosion. This 
is a misapprehension. If both air and water are not present, hydrogen sulfide is not 
corrosive. (Hydrogen sulfide gas, under pressure, is handled in steel containers 
without corrosion.) 

This work evidently did not cover the effect of varying oxygen content of the gas. 
This also raises the question of the position of the samples in the apparatus in relation 
to the gas inlet. Let us say that during the first experiment sample A is placed at the 
top of the apparatus. In this position it is at the gas outlet. If the water in the 
humidifying tower has not been boiled to remove dissolved oxygen and carbon dioxide, 
this sample on inspection may not show signs of any attack whatsoever. If, on the 
other hand, this is placed in the bottom of the apparatus, adjacent to the gas inlet, 
where it receives the full benefit of the dissolved oxygen and carbon dioxide in combina- 
tion with the gas containing hydrogen sulfide and it again does not show signs of 
attack, we can conclude that it is resistant to gases containing hydrogen sulfide. 

In addition to the location of the sample with respect to incoming gas stream and 
oxygen concentration, we have another variable to consider—time. Does the attack 
accelerate or decelerate as the time interval increases? 

For these reasons the classification of materials in the order of their excellence on 
the basis of a uniform loss of weight as determined by a laboratory test (Tables 2 and 
3) is likely to lead to false conclusions regarding the resistance of the more commonly 
used materials to attack by hydrogen sulfide. 

Moreover, regardless of the practical application of Tables 2 and 3, the figures that 
govern the classification of the specimens in these tables are based on the results of a 
test of only 24-hr. duration. The calculated penetration per year ‘‘on the specimen 
most seriously attacked is but 0.0454,”’ which indicates that the total loss in weight 
of the laboratory specimens must have been very small indeed. Results of short-time 
tests are apt to be misleading, particularly where the differences between individual 
samples are as small as they must have been in this case. 

In my opinion, preliminary data of this kind are likely to be of a distinct disad- 
vantage if taken seriously. 


Chapter II. Petroleum Economics 


Pe _ An Aspect of the Arbitrary Restraint of Production 


By Joan D. Giun,* PamapELputa, Pa. 
(New York Meeting, February, 1934) 


RESTRICTION programs in important raw-materials industries in 


_ foreign countries have been abandoned after lengthy trials. Presumably, 


failure has been a logical consequence of the attainment of objectives of 


_ the restrictive schemes in the early periods of their administration in 


defiance of economic law. In general, the chief objective has been the 
elevation of prices of the products of these industries. More conservative 


- plans have sought the maintenance of a price structure that was in 


iS 


- jeopardy at the time restriction was initiated. The course of the adminis- 
- tration of restrictive measures can be traced by the results of restriction, 
 viz.: the creation or maintenance of highly profitable prices; the over- 


expansion of productive facilities; the accumulation of inventory; and 


finally, by the collapse of the price structure, which invariably has led to 


- abandonment of the restrictive scheme. The theory and practice of 


restriction as applied to industries that have tried it are too well known to 
need detailing here. 


RESTRAINT OF PRODUCTION OF Crupe OL 


Regardless of the record of the catastrophic outcomes of restrictive 
measures in other industries, our industry has not been deterred from 
attempting restriction of crude-oil production. The assumed bases for 
suecess of our restrictive plan are clear. They follow from the fact 
that the physical characteristics of the petroleum industry differ from 
those of other industries that have tried restriction. Its raw material 
is a highly essential substance, a natural, exhaustible resource. The 
extent of its reserves is unknown, a fact that arouses the cooperative 
spirit. of conservationists. At no time before the inauguration of restric- 
tion had its developed reserves been sufficient to supply more than the 
requirements for a few months without the help of new drillings. Toa 
considerable extent its discovery involves the element of chance. Its 
economic production seems to require an unnatural relationship; namely, 
cooperation among competitors, because it is a fugitive resource, capable 
of moving from under one owner’s property to underlie another’s. Thus 
its recovery presents intricate legal questions concerning property rights. 


* The Atlantic Refining Co. 
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~ under economic freedom the return of 90 per cent of the capital invest- 
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The characteristic underground behavior of the | r 
and its associated fluids has presented large and nearly inso ible engi 
ing problems, which experts have contended could be solved only by the 
enforcement of the arbitrary restrictive measures. Indeed, these legal — 
and engineering problems have obscured the basic economic problems — 
involved in restriction so that the latter have received at most but super- 
ficial consideration. Finally, the crude-petroleum industry differs” 3 
from other basic mineral industries also in this important particular: 


ment may be effected in a comparatively short time—approximately 


six years. 
Generally, programs for the arbitrary restriction of output have 
been predicated upon a condition of overproduction. In this respect 
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oil restriction has a family resemblance to other restrictive schemes. 
But petroleum restriction has been supported also upon a platform 
of extenuating circumstances, mostly of a technical and legal, rather 
than economic, character, making that which had been proved uneco- 
nomic in other industries seem to be economic in ours. Indeed, facts 
can be presented to make it appear that during most of the period of 
restriction the affairs of the petroleum industry have been conducted 
along strictly economic lines. Examine these indicators of apparent 
economic orthodoxy. 

In the first place, restriction of crude-oil production cannot be said 
to have raised prices above the prices of the prerestriction period; or even 
to have stabilized prices at levels existent at the time curtailment was 
initiated. As a matter of record, the prices of crude petroleum have been 
continuously under the level of prices of the first full year of the attempted 
administration of industry-wide restriction plans. On the whole, 
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organized. This fact is illustrated by Fig. 1, which shows the average 
annual posted well prices of crude oil throughout the United States 


_ during the period under consideration. 


In the second place, while other restrictive adventures have been 
proved uneconomic by the ultimate effects of the creation of a superfluity 


_ of productive facilities, which were motivated by the profitability of the 


artificially maintained price structures, the petroleum industry appears 


actually to have reduced greatly its efforts to create new production 
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facilities, especially during the last three years of effectively administered 
curtailment. Such a conclusion might be drawn from the statistical 
facts presented in Fig. 2, which shows, in terms of feet of well drilled, the 
effort to develop oil leases; and by the facts in Table 1, which presents 
the number of wells actually completed annually during the eight-year 
period that began just before the organization of arbitrary restriction. 


TapLE 1.—Oil-well Completions in the United States 


CoMPLETIONS 


CoMPLETIONS 
Torau EXCLUDING ToTaL ExcLuDING 
YBAR CoMPLETIONS Bast TExas YAR CoMPLETIONS East Texas 
1926 29,319 29,319 1930 21,232 21,217 
1927 24,143 24,143 1931 12,351 8,955 
1928 22,331 22,331 1932 - 15,021 9,261 
1929 26,356 26,356 1933 12,312 9,845 


Finally, also suggestive of the operation of the same free economic 
forces that effected ups and downs in the supply-demand ratios during 
the prerestriction period, is the record of similar ups and downs during 
the period of curtailment. The restrictive plans of other industries have 
led to the production of burdensome accumulations of product. By 
contrast, so far, crude-oil restriction has effected a reduction of the 


inventory to a level below that existent at. the time r 
These facts are shown in Table 2, which presents the end-of- a 
levels of crude-oil inventory and the relation, annually, between s Ipp. 


and demand. 


TABLE 2.—Relation of Demand to Supply of Crude Oil in the United State: a7 


Ratio iad cheer 
bow Total Demand to | “Thousand of 
1926 1.033 undersupply 402,299 
1927 0.926 oversupply 473,379 Restriction conceived 
1928 0.977 oversupply 490,788 Restriction not effective 
1929 0.959 oversupply 540,851 Restriction partially effective 
1930 1.022 undersupply 516,424 Restriction effective 
1931 1.058 undersupply 468,681 Restriction drastic 
1932 1.117 undersupply 438,454 Restriction drastic 
1933 0.996 balanced supply 446,755 Restriction efforts meeting 
renewed opposition 


# For comparability, includes fuel oils in California. 


Summarizing the evidence of the apparent economic conduct of the 
producing division of the business during the second half of the period of 
restricted output: actual overproduction was prevented; prices did not 
rise, but declined; and efforts to expand productive facilities actually 
contracted to below average levels which heretofore had been found 
necessary for the satisfaction of demand. 

The existence of production engineering problems, concerning the 
maintenance of reservoir pressures for the purpose of increasing ultimate 
recovery, the reduction of operating costs, and the avoidance of economic 
waste by a process of rational well spacing, is a matter of record. No 
doubt, in pools of divided ownership such problems can be solved only by 
cooperative measures, which restrict the freedom of the individual 
unit. Nevertheless, I submit that the extent of restriction has exceeded 
that necessary to the advance of production technique; and further, 
that if such uneconomic and arbitrary restriction of production is con- 
tinued indefinitely the ultimate outcome will not differ greatly, in char- 
acter, from the conclusions of the restrictive schemes of other industries. 


ECONOMICS OF RESTRICTION OF PETROLEUM 


It would be remarkable indeed if, in the light of the failures of other 
industries arbitrarily to restrict production, the oil industry could con- 
duct indefinitely a restriction program satisfactory to producers and 
consumers alike. I believe it cannot do so. However, I shall not take 
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is incompatible with the highest material welfare of all the people. 
_ Arbitrary restriction implies a lower total of production and distribution 
_ of all goods and services than is physically possible and socially desirable. 
In the petroleum industry, restriction also diverts human energy from 
the production and enjoyment of consumable goods to the creation 
prematurely of capital goods, which in all probability could be produced — 
- more efficiently at a later time. It stifles initiative, which is requisite 


: to progress and which heretofore has been valued highly by petroleum 
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producers and consumers. Nor shall I more than mention and. briefly 
illustrate the facts that under a program of arbitrary restriction of produc- 
tion the oil that is hardest to produce and to carry to market is accorded 
freedom of the market at least on equal terms with the oil that is the 
easiest to produce and to transport, and that the most efficient operators 
are restrained as much as, or more than, the less efficient. 

Consider for another moment the last mentioned phase of the matter, 
because it illustrates the economics of the restriction of petroleum. 
Presumably, there would be no restriction if overproduction did not 
threaten. The cheapest production is restrained as much as, or more 
than, the dearest. Patently, the result of restriction is to cause the 
average unit cost of the allowed production to exceed the unit cost of 
the cheapest production capable of satisfying demand. 

The relation between the actual unit cost of allowed production and 

\ the unit cost of the same volume of the lowest-cost production is presented 


-~ at Ne ee 
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graphically by the lines of Fig. 3, whic 
of the unit costs of twenty-odd producing ¢ i 


operations enough crude oil to fill deanna The alt patina line 
projected into the future on the basis of estimated results — 
en If there were a place in ‘this z 
paper for a discussion of the effects 
230 of restriction upon the ultimate 
omnia consumer of petroleum products, 1-9 
2.10 would follow naturally the presen- | 
. tation of Fig. 3. The lines suggest — 
1.90 that our industry is following 
an uneconomic course, not more 
1.10 j tenable than would be the course 
of an agricultural community 
that cleared its lands of timber, 
tilled first the poorer lands, and — 
held the most fertile lands in ~ 
reserve for some possible future 
need. In this connection itis not 
to be forgotten that the rapidity of 
the growth of our national eco- 
nomic welfare has been predicated 

upon the usage first of the best 

things available. However, this 

aspect of restriction is worthy of 

oo separate consideration and is out- 

“1928 1929-1930 19319321933. side the scope of this article. We 
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Fic. 4.—REFINERY GROSS UNIT MAR- are concerned here primarily with 


GINS, BEING ‘THE DIFFERENCE BETWEEN 
THE VALUE OF PRODUCTS AND THE COST OF 
RAW MATERIALS, 


the effects of restriction upon the 
members of our own industry, and 


especially with the prospective 
effects of a continuance of existing restrictive measures. 

The increasingly difficult and insecure position of the nonintegrated 
refiner is worthy of notice. During the past five years of tumultuous 
activity for the creation and maintenance of restrictive measures, the 
annual gross unit operating margin accorded the refining division of the 
industry has contracted markedly. Some marginal decline was to be 
expected. It came as the inevitable and proper result of the decrease in 
refinery operating expenses; notably, for labor, fuel, and supplies. How- 
ever, the actual shrinkage in refinery gross margins, as indicated by the 
lowest line of Fig. 4, has been of a magnitude significantly exceeding 
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the decline in manufacturing costs. Theannual gross unit margins shown 
on Fig. 4 represent the differences between the estimated refinery value 
of the products derived from a barrel of raw materials and the delivered 
~ cost of the latter, including crude oil at posted prices. Out of the gross 
margin the refiner must pay all expenses and fixed charges. What 
remains is profit on refinery investment. It is safe to say that during 
most of the months since the middle of 1929 the refining units that have 
been charged posted prices for crude run to stills have not earned an 
average return on investment; and that in many of the months the gross 
margins have been insufficient to cover even operating expenses and fixed 


- charges. That this aspect of restriction has not been without its hard-- 


ships is evidenced by the mortality of units specializing in refining. 

In self-defense some of these nonintegrated units have been forced 
to become producers of crude oil. Moreover, and of even greater 
significance, partly integrated refiners have been compelled to enlarge 
production activities. Thus, in a roundabout way, restriction has 
increased competition among producers, has tended to increase potential 
overproduction and, by a paradox characteristic of uneconomic ventures, 
has brought about the need for more restriction. Hereafter, mention 
will be made of the process by which restriction, by increasing the 


length of time necessary to the recovery of production-capital, increases 


the amount of capital required per barrel of oil produced and so tends 
to discourage production by units possessed of small capital resources. 
The point here worthy of note is that the places of those so deterred 


will be taken by the more resourceful units mentioned above, which must . 


enter, or extend operations in, the division of production for the protection 
of their interests in other divisions of the industry. 

It has been shown how refiners, caught between low product realiza- 
tions and relatively high crude costs, as results of arbitrary restriction, 
have been compelled to adopt a policy which in the long run may prove 
inimical to investors in production. The ultimate outcome will depend 
on conditions that no man can foresee. The two primary possibilities 
should be examined. 

First, circumstances may develop surrounding the supply of, and 
demand for, crude oil that will cause every producer to derive satisfaction 
from his contribution to the curtailment enforcement of the past several 
years. Within a few years to come the industry may face a real shortage 
of oil. Demand may tend to attain progressively higher levels. Dis- 
covery of reserves may proceed at a slower rate than the rate of growth 
of demand. Ill existing pools may be fully developed. Suitable com- 
mercial substitutes for crude or its products may not be available. 
Obviously, under such conditions there would be need for every last 
barrel recoverable from known reserves. Even the utmost production 
possible from the currently operated 275-odd thousand small or “‘strip- 
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per” wells, the saving of whose meer, conaivel has sup pl 
by which to rationalize restriction, may be required to supply the n 
The average age of these wells is upwards of 21 years. They reach 
sands of which recoverable reserves originally totaled possibly six billic aS 
barrels. Probably they have produced more than 95 per cent of the oil. e: 
recoverable in the present state of the art. At most they cannot be 
expected to produce more than four or five hundred million barrels 
more—a quantity less than our import barriers will shut out in the next _ 
few years. But even this quantity may be needed and the industry and 
the public will be glad that stripper wells have been saved. 

Under these conditions the administration of restrictive measures 
probably would benefit proportionately all producers, whether high-cost 
or low-cost. Nor would any producer have to surrender any special 
advantage that accrued to him from the enforcement of restriction during 
the period of potential oversupply. To some this is indeed not an 
unpleasant prospect. Moreover, it may eventuate. But clearly it is 
only one way of looking at the matter. Consider the prospective results 
of restriction during a future supplied bountifully with petroleum or an 
acceptable substitute therefor. 

Suppose that the discovery of reserves will be made at a rate exceeding 
the rate of growth of demand; that demand will dwindle; that competi- 
tive substitutes for petroleum products will be synthesized commercially. 
Further, that natural resources of related hydrocarbons will be made 
commercially available. For example, that shale-oil production costs 
will decline below ‘‘scarcity’’ crude costs, thus making available the 
108 billion barrels of shale oil which, nearly 10 years ago, the Committee 
of Eleven said could be obtained from oil shales in the United States. 
Suppose that the hydrogenation of coal, which, it is reported, under 
the protection of import duties is proceeding abroad at an increasing 
rate and with alleged yields corresponding, in this country, to a coal 
cost of less than 1.5¢ per gallon of motor fuel, should become highly 
competitive with production of crude oil. Such competition is not 
imminent, but we are concerned here with the ultimate outcome of the 
long-continued restriction of production facilities, a large fraction of 
whose investment under present plans will not be. written off until after 
the lapse of 30 or more years from the date of.installation. Time may 
bring many changes, 

At present the provisions of the restriction program provide for the 
complete freedom of many of the so-called stripper wells and for varying 
degrees of curtailment up to 95 per cent of capacity of wells in the most 
prolific flush pools. The weighted average restriction is of the order of 
85 per cent of productive capacity. But even such drastic restriction 
would be insufficient to maintain a predetermined price level, or a price 
level that would assure a satisfactory return on most existing production 
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7 stment, if the industry should experience the realization of the last 
ioned set of possible conditions. More and more restriction would 
required to maintain a satisfactory price level. Parenthetically, 
restriction, regardless of price, is not required for the purpose of main- 
taining supply equal to demand, because demand is a function of price, 
_ and in the long run would match supply in a free market. 
Under conditions of an abundant supply, what would be the profit- 
ability of the investment of properties that would have to carry very 
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Z Fig. 5.—PRoDUCcTIVE CAPACITY OF OIL-FIBLD DEVELOPMENTS. 
Showing actual and prospective demand for domestic crude. Estimated potential 
roduction of domestic crude. Estimated ability of developments with and without 
Bast Texas to supply demand without aid of additional developments, as of end of 


1929, 1930 and 1933. 


heavy deferment charges? What would be the effect on those who 
bought and developed properties with borrowed money and whose 
incomes under the more and more severe restrictive measures did not 
meet fixed charges? And would properties lost to their original owners 
by foreclosure proceedings be decapitalized and thus enabled to compete 
successfully with even the lowest-cost fully capitalized facilities? 


Speculative Feature 


It is this aspect of the subject that I would especially emphasize; 
namely, its speculative and therefore uneconomic feature. Restriction 
in the present is predicated on the hope that the existing dollar-values 
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of developed reserves and undeveloped leases may ve maintained 
scarcity of the resource, which is expected to result from the combir 
of enlarged demand and the failure to discover resources commensurate ‘= 
with that demand. What warrant has our industry for basing a restric- 
tion program on such an assumption? Behind us is three-quarters of a ae 
century of discovery at an accelerating rate, with the last four years 
contributing an excess far beyond current visible needs. Indeed, the _ 
developed resources of the industry at this time project our national 
potential supply further into the future than at any time in the history — 
of the industry. This statement is illustrated by Fig. 5, which indicates 
that the country’s prospective requirements for crude petroleum to the 
middle of 1938 could be supplied by wells drilled prior to the end of 1933. 

Considering the nature and uses of petroleum and the small propor- 
tion of the total supply that can be controlled by any operator, it is as 
much the part of wisdom to assume the existence of reserves ample for 
years to come as it is to speculate on a prospective shortage, because, in 
the latter event, it makes little material difference whether the supply is 
depleted in 10 years or in 12 years. Those who hold the reserves last to 
be lifted may receive high prices for them, and thereby may obtain a 
high rate of return on their residual investment; but probably they would 
be better off to shift their interests to some new developments, which 
would have to take the place of petroleum. 

Inspired by the Committee of Eleven’s estimate of 108 billion barrels 
of shale oil, it requires little effort of the imagination to conceive that the 
United States originally possessed reserves totaling upwards of 40 billion 
barrels of recoverable oil and that in the world were 700 billion barrels of 
recoverable oil. There is no valid reason to think that the United States 
has been endowed with a share of the world’s petroleum reserves in excess 
of a proportion equal to her proportion of the world’s land area. If, as 
Arnold estimates, our country originally had about 42 billion barrels of 
recoverable oil, it might be expected that the rest of the world originally 
had 660 billion barrels. If 42 billion barrels of recoverable oil reserves 
of the United States resided in sands only 20 ft. thick; if the sands had a 
porosity of 25 per cent; if only 22.5 per cent of the oil was recoverable, 
then these 40-odd billion barrels would be overlain by less than 5 million 
acres of surface land and 700 billion barrels of recoverable oil in the world 
would be tucked away under 125,000 square miles of surface, or 0.25 per 
cent of the world’s land area. If these possibilities are realized it will 
require a very high tariff to protect the owner of the last reserves in — 
the United States from the competition of producers of much cheaper 
foreign oil. 

If the existing restrictive measures were conceived as permanent 
measures whereby the time required to extract 90-odd per cent of the 
oil tapped by any well would be increased by 20 or 30 years, it might be 
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F said unequivocally that the measures were uneconomic. Indeed, the 
prolongation of the time for return of investment from 10 or 12 years 
to 25 or 30 years, as indicated by present rates of recovery, disregards 
_ those fundamental trends of costs of production over which the industry 
_ exercises control. The chief social cost of oil production includes the 
— eost of discovery, the so-called tangible and intangible development 
 eosts and the lifting and administration costs. The splendid technologic 
_ developments effected by production engineers have caused these costs to 
decline steadily. It is as reasonable to assume that they will continue : 
to decline as to make any other assumption regarding the future. 
Probably a continuance of the present restrictive measures will require 
~ the industry to double or even treble its investment in crude production 
per barrel of recovered oil. The industry will need to have as much 
invested in production as it now has in all branches of the industry with- 
- out allowing for any additional volume. The restrictive measures 
provide that it shall require upwards of 30 years to recover production 
capital, which heretofore has been recovered in a little over 10 years, 
regardless of the fact that the trend of technologic improvement indicates 
that future developments should be made at real costs much below present 
costs. It is guesswork to say how much costs will be reduced by tech- 
nologic improvement and it is also guesswork to say how much higher 
recovery can be obtained under restrictions that lengthen by two and 
- one-half or more times the period of the recovery of reserves. On the 
other hand, it is an actuarial certainty that if monetary factors maintain 
a long-time average of values a sum of money due in the future is worth 
more in the present. At 6 per cent the present value of a dollar, recover- 
able 20 years hence, is $3.20. 
Speculative considerations constitute an important aspect of the 
arbitrary restriction of production. 


DISCUSSION 
(Clarel B. Mapes, presiding) 


Mr. Mapes* in introducing the paper stated that during the period when many 
people are engaged in paradoxical thinking on economic problems, it is well to consider 
the questioning viewpoint of the author’s thesis, which cautions a careful scrutiny of 
actual benefits that may result from any restrictive scheme. The subject was selected 
with no thought of iconoclasm but rather to present analyses made with a critical eye 
pertaining to the arbitrary restraint of production. 

For the purpose of stimulating discussion, George Otis Smith asked the author if 
there would have been any change in his presentation if the word ‘“‘arbitrary” had 
been omitted from the title. Replying, Mr. Gill stated that there would have been a 
quite different statement regarding the apparent need for cooperation between 
operators. Mr. Gill said that, although a believer in conservation, he could not 
deplore the apparent waste of gas that had occurred in earlier years when no one knew 


* Acting General Secretary, Mid-Continent Oil & Gas Association, Tulsa, Okla. 
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oo Rates and Canal Tolls as Factors Determining 
Markets of Foreign Oils 


By VaLentTin R. Garrias,* New York, N. Y. 


(New York Meeting, February, 1934) 


Wits the exception of the United States and Russia, none of the lead- 


= ing world powers have within their boundaries the oil supplies needed 
to meet present peace-time requirements, and even in regard to the United 


States it is admitted by competent observers that the known oil reserves 
within the country are inadequate to meet demands for more than a com- 
paratively few years. It follows, therefore, that the transportation of 
petroleum—almost entirely by tank steamers—from foreign fields to the 
main consuming centers is one of the most important factors sts the 
present and future development of the oil industry. 

The world-wide distribution of petroleum is affected by numerous 
factors of which international politics is not the least important. The 
assurance of an ample supply of petroleum—one of the most essential 
munitions of war—is of paramount importance particularly to those 
countries subjected to the rivalries of powerful neighbors. And parallel- 
ing the importance of the control of an ample supply is that of its safe 


‘transportation from the fields to the consuming centers. ‘To illustrate: 


France is dependent almost entirely on foreign sources for its petroleum 
requirements estimated at close to 100,000 bbl. daily, and in order to 
control such a supply after the World War it acquired an interest in the 
Iraq oil fields. Lately it has undertaken the construction of a pipe line 
from these fields to the Mediterranean seaboard in Syria with the expec- 
tation that late in 1934 these fields will supply between 30 and 40 per 
cent of the country’s requirements. It should be noted, however, that 
the availability of this supply is entirely dependent on the safe operation 
in the Mediterranean at all times of an adequate fleet of tank steamers. 
Thus, in order to transport 40,000 bbl. daily, it will be necessary for one 
10,000-ton tanker to leave Tripoli, the Syrian port, say for Marseille, 
every other day throughout the year while to meet the entire present 
peace requirements of France from the Iraq fields, a fleet of some 30 
such tankers must be kept in continuous operation between Tripoli and 
Marseille. 


Manuscript received at the office of the Institute Feb. 17, 1934. 
* Foreign Oil Department, Henry L. Doherty & Co. 
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_ Exportina AND ImporTING CENTERS = = 


In listing the exporting and importing centers that go to re a4 
Table 1, the most important oil ports in the leading petroleum-pro- — 
ducing aoe consuming countries were selected. Owing to the meager 
information available regarding the oil fields in the East Indies it was: * 
decided to list the refining and shipping centers of Balik-Papan, Lutung 
and Palembang even if any one of the three would have given substan- 
tially the desired information. Russia, the second ranking country as — 
consumer of petroleum, was not listed as importer because it does not 
utilize foreign oil products. It may also be pointed out that some of the 
exporting centers are not located within the oil-producing countries. 
Curagao, for instance, through which the bulk of the Venezuelan oil is 
exported, is not in Venezuelan territory, nor are Haifa or Tripoli—the 
English and French terminals of the pipe lines wii the Iraq fields 

to Mediterranean seaboard—in Iraq. 

Table 1 illustrates the general misconception existing in the public 
mind regarding the relative geographical location and therefore the 
distance between given points on the earth’s surface. This is largely due 
to the distorted picture resulting from projecting on the flat surface of 
maps the terrestrial distances and areas. It may therefore be surprising 
to some to ascertain through this table that the harbors in northwestern 
Europe, such as London, Hamburg and Stockholm, are practically 
equidistant from New York, Constanza and the new oil harbors of Haifa 
and Tripoli, and that as regards the cost of marine transportation— 
which if it does not involve canal tolls, and everything else is equal, 
varies in direct ratio with the distance between terminal harbors—it is 
of equal advantage for the consumer, say in London, to buy oil from 
the American or Rumanian fields or from those in Iraq once they are 
connected to the Mediterranean by pipe lines. It may also be noted 
that the Mediterranean markets of Italy, France and Spain are not 
nearer to Haifa or Tripoli than to Constanza, that the fields of Colombia 
and Venezuela are if anything nearer to New York than are those of the 
Texas Gulf Coast and that the New York oil market is not nearer to 
California than to the Rumanian oil fields. These examples presented 
at random are given as suggestions for a closer study of Table 1, which 
shows the distances in nautical miles between the most important export- 
ing and importing oil centers. 


TANK STEAMERS 


There are now in operation close to 1680 tank steamers, more than 
half of which will load on an average considerably less than 50,000 bbl. 
The tank steamers commonly employed. in the international oil trade, on 
the other hand, have carrying capacities in excess of 70,000 bbl. The 
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number of such BNP bia oui bate cat nd t 
ual carrying capacities are as follows: 


NUMBER OF 


After careful consideration of the various factors involved, and 
notwithstanding the fact that outside of certain restricted routes it is ~ 
about 30 per cent cheaper to operate a foreign than an American tanker, 


it was decided to select as the type best suited to give a uniform basis 
for comparing the cost of marine transportation of petroleum, a tank 
steamer of American registry of 10,000 dead weight tonnage having a net 
carrying capacity of 75,000 bbl. operated under the following conditions: 


Cost of tanker per deadweight ton...................>... $ 50.00 
Interest on: investment> per Cente. <:ijcicrscees ee eeeee eer 6 
Insurance:rate*per cent, © 2. 3 a... eae ee oes eee 5.5 
Maintenance, per day. &2.c. =: 2. a- 5-5 Sho: oe 8 ee $ 60.00 
Stores’ perdaya... crc ore as Me te se eee ce ee wees pul $ 20.00 
Wages; per diya oo So Slice rans eg eer eee $ 100.00 
"Provisions: per Ca Ye scesskinais > Y= SE Se See eee ee $ 35.00 
Overhead) sperO avec. aig. 5. ects tect eee terror eae $ 15.00 
Buelsate75¢- per barrel. persd a yoemc nrc ener $ 150.00 
Port eliarges Mee: clip. ae situs tara ot teams ate emer ee eee $1500.00 
Speed /knotsrper7hour.. 1. 5..ch-ae et a de oe eee ee mace oe ae ee eee 10 
Number: of Crew sc. Foo deeds eat ater Oho Pee nee ee 40 
Daysiin port*pertoipiwa..deeing i. BRS, SR eee 6 


CANALS AND CanaL TOLLS 


As before stated, the cost of marine transportation varies directly 


with the distance between terminal harbors and it thus follows that the’ 


use of canals that shorten such distance is economical whenever the 
canal tolls represent a saving over the added cost of the longer route 
that eliminates the use of the canal. 

The oldest of these sea lanes short-cuts is the sea-level Suez Canal 
owned and operated by a very lucrative semi-private enterprise, which to 
date retains some of the characteristics of a successful monopoly. Its 
tolls at times have forced some of the Oriental trade, including Persian 
oil, to be again routed “around the Cape”’ on its way to northwestern 
Kurope. To an American company, which pays now in devaluated 
dollars, the Suez round-trip tolls of nine ‘‘gold franes”’ per ton would be 
equivalent to 20 U. 8. cents per crude oil barrel, or 9 cents more than the 
Panama tolls. Conversely, a French company will now pay considerably 
less in francs than formerly for the Panama Canal tolls. Before the 
devaluation of the dollar the Suez and Panama tolls were about 12 and 11 
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“cer s per barrel of crude oil, respectively. The Kiel Canal is operated 
_ practically at cost, with the result that the tolls per round trip of a 
- 10,000-ton tanker aggregate only about 214 U. 8. cents per crude oil 
barrel. The data in Table 2 give the salient features of the canals com- 
monly utilized in the international oil trade. : 


TABLE 2.—Data on Canals Used in Oil Trade 


Suez Canal | Kiel Canal Panama Canal 
Year opened to traffic............. 1869 1895 1914 
WenetD RINNE 0 ese te acces ceo 104 53 40 
Minimum draft, feet.............. 33 29 36 
Time of crossing, hours............ 15 8 8 
Traffic, tons: ; 
HOQUMeres ins ra reek ees Bs 28,511,000 22,027,000 30,030,000 
DORM. tes ana. awh SRD ake ans 25,332,000 20,684,000 25,083,000 
OMe cam cent wars ade wt eusvecre One 23,632,000 12,851,000 19,808,000 
_ Tolls per registered ton loaded...... 6 gold franes | 0.231 Reich marks $1.25 
Tolls per registered ton in ballast. ..| 3 gold francs | 0.198 Reich marks $0.75 
Round trip tolls per barrel crude oil. $0.20 $0.025 $0.11 


As there is now a marked tendency to import crude oil for refining in 
the consuming countries, it was thought advisable to convert into U. 5. 
cents per barrel of crude oil the Suez, Kiel and Panama rates, which 
actually are collected on gold francs, Reich marks and dollars per ton, 
respectively. It should be kept in mind in this connection that, owing to 
the difference in weight per barrel, the same tanker is able to transport, 
say, more barrels of gasoline than of crude oil. 


Cost oF MARINE TRANSPORTATION 


It is interesting to note that the only pay cargo of a tanker is petro- 
leum and its products transported generally “one way” from producer or 
refiner to consumer. Furthermore, tank steamers can be used economi- 
eally only when transporting certain types of oil for a considerable time. 
Thus a “dirty tanker” on the heavy crude-oil run from Tampico to 
New York will require the expenditure of close to $25,000 before it can be 
utilized as a “clean tanker” in the transportation, say, of gasoline. 

Table 3 gives the number of days required by the typical tanker to 
complete a hypothetical round trip which is the shortest between the 
ports in question. The figures imply—what is not always true—that 
the boat uses the same route on the return trip and that all such routes 
are actually followed by tanker fleets. Whenever canal transportation 
is utilized, it is so shown in the table. In each case the number of days 
given include six days ‘‘in port” per round trip, in which the cargo is 
‘loaded and unloaded and minor repairs are attended to. 
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the typical American tecnicos tt should § gaits be fidtod that f 
operate about 30 per cent cheaper than those under American regis 

between the most important exporting and importing centers; it is ba 2 
on the cost of operating said tanker during the days as shown in Table 3 ai 
required for the shortest round trip; canal tolls, if any, are included in 


Table 4, which gives the cost on the basis of U.S. cents per barrel. The 


figures in this table are of necessity but approximately accurate. In’ 
actual practice obviously many of the routes shown are seldom if ever 
followed; also, it should be possible, for instance, to charter a tanker at a 
lower rate for a number of trips than for only one. Again, the newer and 
larger tankers, which carry as much as 163,000 bbl., naturally operate 
more economically on certain routes than the type of tanker selected here. 
Also, an oversupply of tankers, an undersupply of oil or a low consump- 
tion in a particular region of all or any one product may limit or reduce 
exports and compel the rerouting of oil shipments. Thus the fields in the 
East Indies are limited in their production of kerosene, which finds a 
ready market in the Orient, by their inability to dispose of the gasoline 
that is obtained in manufacturing the marketable product. This and 
many other similar considerations notwithstanding, it is believed that 
Table 4 shows, not the actual charter rates throughout the world at any 
one time, but what it intends to show, i. e., the basis for a comparative 
study of the effect of tanker rates and canal tolls in determining the 
marketing range of foreign oils. It is only with these limitations in mind 
that the data herein contained should be interpreted. Finally, it should 
be kept continually in mind that the cost of operating tank steamers 
under foreign registry is about 30 per cent lower than under the American 
flag and that as a result American tankers can compete successfully with 
foreign boats only when plying between American harbors. In actual 
practice, therefore, the figures in Table 4 may reflect quite closely the cost 
of transportation between American harbors, San Francisco or Texas 
ports to New York, for instance, and, also, say, between Tampico, 
Cartagena or Meat and the Serene harbors in the Gulf or the 
Atlantic seaboard. On the other hand, the transatlantic, transpacific, 
European and Oriental routes are obviously controlled by the more 
cheaply built and operated foreign tanker. 


Normal and Basic Prices of Crude Petroleum* 


By Norman D. Firz Geraup,t New Yorks, N. Y. 
(New York Meeting, February, 1934) 


Tur mathematical analysis, which is an essential part of this paper, 
has revealed the interesting fact that contrary to the opinions of many, 


- determinate and measurable economic factors are largely responsible 


for the price of crude oil. It should, however, be well understood that 
the results of this analysis are applicable, without qualification, only to the 
particular period and market studied. 

There are certain peculiarities of the petroleum industry which make 
the consideration of its economics very difficult, and at times practically 
impossible. Noneconomic factors often become highly important and 
have serious economic effects, which make unqualified predictions based 
on economic data extremely hazardous and ill advised. However, in spite 
of the attendant difficulties there are many problems, especially in price 
analysis, to which approximate solutions must be made for the proper 
guidance of public and private policy, but their limitations should be 
kept clearly in mind. 

An understanding of the nature of prices is of fundamental importance 
for a number of purposes. Measurement of the motivating factors 
giving rise to trends and other price movements is essential to forecasting 
for the intelligent engineering and financial administration of the industry. 
The fixing of prices, maintenance of an intelligent industrial dictatorship, 
or the making of other industrial adjustments, demand, for success, an 
accurate understanding of their probable consequences. The establish- 
ment of a system of equitable relations within an industry, or between 
industries, by methods other than the natural competitive ones, requires a 
thorough knowledge of the price structures and the nature and trends of 
the normal and basic prices of their products. This research has shown 
that in this case, even though the statistical records are only fair, quanti- 
tative economics offers a direct and satisfactory approach to the problems 
of economic consequences dependent on the reactions of mass intelligence. 

A consideration of commodity prices naturally leads to costs. The 
true cost of petroleum is so complex and elusive that its accurate deter- 


* The research work for this paper represents a portion of a thesis presented in 
partial fulfillment of the requirements for the degree of Doctor of Science in Mining, 
from the Department of Mining and Metallurgy of the Massachusetts Institute of 
Technology, Cambridge, Massachusetts. 

} Mineral Industries Economist, Van Meter, Shepherd & Hughes, Inc. 
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mination is impossible. No definite relations exist between il 
prospecting and the value of the petroleum discovered, or the 
well and the value of its production. Each barrel is actually produced at 
a different cost. The problem becomes even more complex when byprod- 
ucts, changes in technology, differences in crude oils, and unknown deple- — i. 
tion rates are considered. Itis, however, possible to make approximations 
to the cost of petroleum. ia 
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Fig. 1.—TRENDS OF INITIAL, YIELD AND LIFE OF PETROLEUM WELLS IN THE UNITED 
Sratss, 1892 To 1932. 

The trends of both price and cost of petroleum have been predomi- 
nantly downward over the past 40 years, although not necessarily at the 
same rate. As indicated in Fig. 1, the initial production per well drilled 
for oil has increased some 20 times while the rate of production and the 
life of the average producer have been increasing. These factors offset, 
at least in part, the increase of about 10 times in the cost of wells and 
the higher lifting costs natural with greater depths. During the four 
decades over 14,380,000,000 bbl. of petroleum have been produced in the 
United States. The rapid and almost continuous growth in petroleum 
production is sufficient indication that the profits, over a period, are 
satisfactory to the producing division of the industry; for in general there 
tends to be a rough equality of profits in all industries. The fact that 
the petroleum industry may obtain a part of its profit in the form of specu- 
lative appeal, rather than cash, does not affect the logic of this analysis. 

The price of crude petroleum has been analyzed by mathematical 
analysis. There is, however, no rigid mathematical foundation to the 
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. science of economics. Its laws are human reactions predicated on the 
assumption that the masses will react in a predetermined and generally 


fixed manner to all situations of like character. The economist applying 
mathematical methods finds the state of dynamic equilibrium the simplest 
case with which he has to deal, and even this is complicated by the fact 
that human beings do not act on the basis of facts and reality, but upon 
knowledge that is a synthesis of opinions and beliefs about facts. Fur- 
thermore, economic effects can, in some degree, be modified by external 
control and therefore subjected to distortion, varying them from true 
mathematical laws. All that the economist can hope to do is to describe 
what is observed to happen, reveal the hidden uniformities behind appar- 
ently random, capricious happenings, and formulate the tendencies of 
mass action and intelligence in economic affairs in terms as general as 
possible. The changing complexities of man and his world, however, 
make practical and general solutions of the problems of industrial econom- 
ies difficult in the extreme if not impossible. 


NorMAL PRICE 


The law of supply and demand is not as rigid as the laws of physics, 
and there is always a range of uncertainty about the equilibrium price. 
Within this shadowland of variation in the short-term price, human 
nature and a host of other indeterminate factors tend to cause fluctuations 
quite unrelated to supply and demand in the abstract sense. In statis- 
tical analyses the difficulties in deducing the law of supply and demand 
are complicated by inaccuracies and incompleteness in the available 
data. There is, however, a long-term balancing of supply and demand, an 
averaging of the price uncertainties, giving rise to the concept of a natural 
or normal price. 

The nature of the normal price was well known to Adam Smith, 


- the great economist of the eighteenth century; he wrote the following: 


The natural price, therefore, is, as it were, the central price, to which the prices 
of all commodities are constantly gravitating. Differing accidents may sometimes 
keep them suspended a good deal above it, and sometimes force them down even 
somewhat below it. But whatever may be the obstacles which hinder them from 
settling in this center of repose and continuance, they are constantly tending towards it. 

But though the market price of every particular commodity is in this manner 
constantly gravitating, if one may say SO, towards the natural price, yet sometimes 
particular accidents, sometimes natural causes, and sometimes particular regulations 
of police, may, in many commodities, keep up the market price for a long time together 
a good deal above the natural price. 

The natural price itself varies with the natural rate of each of its component parts, 
of wages, profit, and rent; and in every society this rate varies according to their 
circumstances, according to their riches or poverty, their advancing, stationary, or 
declining condition. 
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Herbert Hoover, in his “Principles of Mining,” developed the: 
prices of metals, not from strict averages, but by considering the gene 
outlook combined with the previous records. ofl 

The normal price is the trend value of the dynamic equilibrium _ 
of normal supply and normal demand, all other factors changing at their 
normal rates. Adam Smith and Herbert Hoover both recognized. a3 
the fact that the normal price is not an average price except in the static — 7 
state, for there are secular movements of normal prices related to changes 
in industries, competition, capital, population, habits, and knowledge as 
reflected in the evolving conditions of supply and demand from one 
generation to another. 

The normal price is not a simple average price, but is a complex and 
continuously changing price, which would prevail if perfect dynamic 
equilibrium existed between normal supply and normal demand, while 
other factors changed normally. If the market price is displaced fromit, 
corrective influences are exerted to return the price to its central position. _ 
This normal price may be represented by a mathematical function and 
possesses the properties of a mean price, about which the market 
price fluctuates. 

The normal price of petroleum is obscured by the enormous variance in 
the productivity of oil pools and the random characteristics of their 
discovery in time. There are some wildcatters who are not so concerned 
about the price of oil as are others, therefore prospect drilling is not always 
based on economic wisdom. Occasionally it is the part of individual 
wisdom to drill in generally poor circumstances to fulfill contracts or 
confirm or deny the value of properties held under lease. These peculiar- 
ities of prospect drilling, coupled with the legal interpretation of the usual 
oil lease, the migratory character of petroleum, the nature of its cost, and 
the attractiveness of cheap flush production, exert a most disconcerting 
effect on the price structure from time to time. A series of coincidences 
in successful prospecting, not prompted by sound economic judgment, 
might keep the price of petroleum below normal for as long as a decade. 
The normal price is, then, a theoretical price, and its quotation is quite 
accidental and transitory. 

The nature of the normal price varies with the phase of industrial 
growth. During the early development years of an industry the normal 
price is indeterminate. When a trend of production emerges and rapid 
growth occurs it is evident that profits, or anticipated profits, are large. 
The market price for a product in a rapidly growing industry is close to or 
above the normal price. If this were not so new capital would not be 
attracted to expand the industry and so continue its growth. The 
maturity of an industry is generally accompanied by a reduction in profits, 
therefore it is reasonable to expect the relation between cost and price to 
become more evident as the rate of industrial growth declines. Inastable 
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or declining industry the price is below normal more of the time, else the 
industry would grow because of its profit potentialities. If liquidation © 
is taking place in a declining industry the market price may be below 
normal continuously. This is possible because operating enterprises 
cannot stand heavy losses for long, and bankruptcies and reorganizations 
permit the gaining of anormal profit when the market price for the product 
is below normal. This is especially true when capital costs are relatively 
high, and depreciation, depletion and obsolescence are low. The concept 
of normal price is clearest in a stable or growing industry, for the normal is 
often indeterminate in a new or declining industry because there is a 
tendency for prices to fluctuate widely and normal trends are difficult 
to discern. 

Short-term normal prices may occasionally, be quite different, from 
those of preceding or succeeding years. In case of a war, when normal 
costs and normal profits for the temporary and peculiar conditions are 
high, the price required to maintain the normal supply may be high. 
This type of short-term change in normal is particularly evident in the 
case of petroleum. 

The normal price approaches the trend price if a period of sufficient 
length is taken. The long-term balancing of the factors of supply, 
demand, cost, profit, and so forth, permits a close approximation to the 
true normal price. Data for the period 1892 to 1932, inclusive, have been 
used in this study. During these years there have been 14,380,000,- 
000 bbl. of petroleum produced in the United States, 2,390,000,000 bbl. 
exported, and 1,479,000,000 bbl. imported under the influence of an 
annual average price which has varied from 51¢ to 307¢, and has aver- 
aged 110. 

The war period complicates the determination of the normal price. 
Prices rose sharply during the war and the perturbations of war in the 
economic system will reverberate for many years. It is not possible, nor 
would it be desirable, to eliminate the effects of the war from considera- 
tion. The long-term trend of oil prices is downward, in part owing to 
decreasing grade, therefore special care had to be taken in the selection 
of a type of trend that would follow prices during the war but minimize 
its effects on the remainder of the period. 

The trend of oil prices is difficult to formulate. During the pre-war 
period the price fluctuated widely but with a general downward tendency ; 
the price rose from 64¢ in 1915 to 307¢ in 1920; from 1920 the price 
declined most of the time, except for the sharp rise of 1925 and 1926, with 
a characteristic wide variation. Straight lines, trending downward, 
appear to offer the most logical description of the prices during the 
pre-war and post-war years. For the war period rapidly changing 
functions, which later became asymptotic, are required to follow the rapid 
: rise and subsequent fall of prices to a level different from that of pre-war 
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times. The common function that satisfies the con 
or are, tangent. In Fig. 2 the normal price is shown defined 
tion in which 1917 is the origin, 1.5 is the x unit, and the price. of petre leum — 
is in cents per barrel of 42 U.S. gal.; and the coefficients of bscwice — 
been computed by the method of least squares. 
During the period studied there has been a downward eine 
of about 1.58¢ per barrel per year in the normal price, an indeterminate | 
portion of which is due to the decreasing grade of oil and the increasing — 
value of byproducts. The decline in the normal price is especially inter- 
esting, for it is in spite of increases in taxation, general commodity prices 
and the cost of drilling an average well. 
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THEORY OF THE Basic PRicE 


The concept of basic price is more difficult than that of normal, and 
few have attempted to define it even in theoretical terms. In general, it 
is a stable level below the normal price and represents the resistance 
established by the lower edge of the shadowland of indetermination in the 
normal price. The basic price possesses the properties of a minimum 
price above which, for the most part, the market price fluctuates. Under 
ordinary conditions the market price will not drop below the basic price 
. without affecting the supply. 

Adam Smith did not define the basie price, or any similar concept. 
It is quite possible that, since his ‘‘ Inquiry into the Nature and Causes of 
the Wealth of Nations” was written at the beginning of the industrial 
revolution, its author overlooked the basic price; for in agriculture its 
application is even more subtle than in the manufacturing and mining 
industries in which high overhead costs and hired labor have accentuated 
the importance of the basic price. 
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ei Alfred Marshall, the famous economist of the nineteenth century, 
4 defined the basic price in a general way when he wrote of a controlling 
‘influence over the relatively quick movements of prices during short 


periods which is exercised by causes in the background ranging over a 
long period, and the fact that the fear of spoiling the market often makes 
these causes operate more quickly than otherwise they would. 

Herbert Hoover, in conjunction with his consideration of normal 
prices, developed the concept of basic price in a more practical manner 
and wrote: 


There is at this point what we may call the “‘basic”’ price, that at which production 
is insufficient and the price rises again . . . the writer has not followed strict averages, 
but has taken the general outlook combined with the previous records. . . . 


The basic price is a most complex and hidden characteristic. The 
obvious, although often false, approach to its determination is through a 
study of low prices. The basic price, however, is not necessarily the 
lowest price reached, although it is often considered as a kind of normal 
of depressed times, which might be developed through a study of turning 
points. Unfortunately this simple type of analysis is quite inadequate, 
for turning points are not homogeneous. The price level, business activ- 
ity, relation of stocks to consumption, relative success of prospecting, and 
many other factors vary in a more or less random fashion, within limits, 
from one turning point to another. For this reason the depth of the 
price below basic is a variable. The simple but improper method would 
imply that the basic price is necessarily related to business depressions, 
excess of supply over consumption, and that it possesses a discontinuous 
nature. Usually turning points are only indications of price stability, 
rather than instability, and economic price equilibria may be maintained 
continuously through them as simply. as if the price changed slowly. 

The basic price is just as truly a continuous characteristic as the 
normal price. The difficulties of analysis do not alter the fact that at 
the peak of prices there is a real, underlying, stable basic price which 
represents the lower edge of the shadowland of indetermination of the 
normal price of stable dynamic equilibrium. Marshall indicated that 
this price was the lower limit of prices under ordinary conditions. Hoover 
presented definite figures for the basic prices of metals, but wrote of the 
basic price of depressed times, acknowledging that there were other basic 
prices. Mathematical analysis to reveal the underlying economic laws, 
seems to be the only satisfactory method of approach to a dynamic 
description of the nature of petroleum prices. 

The development of the basic price of petroleum requires a considera- 
tion of the major statistically determinate factors affecting the price, 
simultaneously, en masse. Since basic prices are related to the lower 
limit of prices under ordinary conditions, and ordinary, or normal condi- 
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tions, are really most extraordinary in the rarity of 
necessary to simulate normal conditions by correcting the 
measurable disturbing factors. 


Meruops or ANALYSIS ' werul 


The multiple correlation analysis is a statistical method for the — 
simultaneous determination, by the method of least squares, of the best 
weights to use in combining the statistical series of independent variables 
to explain fluctuations in the dependent variable, in accordance with any 
assumed functional relationships. It has been assumed that changes in 
the dependent variable are related to the sums of the deviations of the 
independent variables; that is, the relations are additive rather than 
complex. This probably is true in this particular case, but is by no means 
true in many types of economic phenomena. The purpose of the analysis 
is to derive an estimating equation for approximating the price that would 
have obtained if the factors considered were the only influencing ones, 
followed the assumed laws exactly, and maintained their average relative 
importance unchanged through the period. 

The major influences upon petroleum prices which can be expressed 
by statistical series are as follows: 

. The price of petroleum the previous year. 
. The price level. 

. Business activity. 

. The rate of change of available petroleum. 
. The rate of change of petroleum demand. 
Petroleum demand. 

. Petroleum available. 

The price of petroleum is the weighted average price at the wells, 
in the United States, as determined. by the Bureau of Mines. The price 
level is the United States Bureau of Labor Statistics index of wholesale 
prices. Business activity is the index prepared by Leonard Ayres, of the 
Cleveland Trust Co. The rate of change of available petroleum is the 
link relative, the value for the present year divided by that of the last 
year, of series G. The rate of change of petroleum demand is the link 
relative of series F. Petroleum demand is production minus changes in 
previous year-end pipe line stocks minus exports plusimports. Available 
petroleum is production plus previous year-end pipe line stocks. 

There is a logical reason for the inclusion of each of these factors. The 
price of petroleum the previous year is the resultant of the forces which 
displaced the price from normal, and there may be a tendency for these 
forces to persist, or to exert an opposite effect upon subsequent prices. 
The price level indicates, roughly, the changing cost of petroleum produc- 
tion, and the price the public can afford to pay. Business activity 
measures the commercial demand. The rates of change of available 
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‘term trend, hence may be expected to aid in the explanation of price 
; Available petroleum, and petroleum demand, are economic 
factors of unquestioned importance. } 

The unit used to compare these widely varying series in their effects 
upon petroleum prices is somewhat complicated. In order to study the 
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fluctuations in relative terms it was necessary to remove secular trends 
by the assumption of mathematical laws of change which were of a reason- 
able character; these are shown in Figs. 3 and 4. The actual figures were 
divided by the normal, or trend values, to obtain a percentage of normal 
series. A spurious trend of negligible economic significance was intro- 
duced by the division, and this was removed by the use of a straight line. 
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Fig. 4. WHOLESALE PETROLEUM PRICE INDEX (1913 = 100), Unrrep Starss, 1892 
To 1932. 


The final series for correlation analysis was in terms of deviations from 
the trend of percentages of the trend of the normal. 

The statistical price of petroleum estimated from the equation derived 
by correlation analysis, as shown in Fig. 5, conforms very well with the 
actual price. The computed price indicates what the price would have 
been had the laws assumed been perfect, had no other factors affected the 
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The accuracy of an estimating aienae derived bye the methods of 
multiple curvilinear correlation is generally measured by the multipl a 
index of correlation. The value of the index may vary from +1 to — re 
the sign depending upon the direct or inverse character of the relation- 4 
ship. The estimating equation developed in this analysis has a multiple ss 
index of correlation of +0.7215, and a probable error of +0.0443. The — 


significance of a relation is measured by the ratio of the index of correla- 
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Fic, 5.—STatTIsTICAL PRICE OF PETROLEUM, UNITED Statss, 1892 To 1932. 
X. Estimated price. D. Rate of change of available. 
A. Price previous year. H. Rate of change of demand. 
B. Wholesale price index. F. Petroleum demand. 
C. Business activity. G. Petroleum available. 


All these factors are computed in terms of deviations from the trend of the per- 
centages of trend of the normal trends. 


tion to its probable error. If this ratio is above 6, and is supported by 
independently logical reasoning, a fairly dependable covariation in the 
series has been established. In this case the ratio is 16.3. The general 
concurrence of the fluctuations, as indicated in Fig. 5, of the actual and 


the estimated price, is quite remarkable in the light of the nonstatis- 
tical disturbances. 


Tue Basic Price 


The basic price is related to economic friction and inertia, which 
compose that complex of unknown factors not included in the statement of 
economic laws. These factors reduce the correspondence between the 
scientific generalization and the actuality. The action of the law of 
price is not smooth and instantaneous. Prices do not constantly oscillate 
back and forth, for a considerable time may elapse before a change in 
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demand or supply works out its effect in price and quantity sold, while 
small variations may have negligible effects. Continual change, a 


characteristic of the economic world, prevents the establishment or con- 
tinuance of equilibrium, and even the tendency towards equilibrium is not 
smooth, regular and constant. 

The basic price has been determined from a study of the actual price, 
the statistical price, and the normal price... The statistically inexplicable 
laws were converted into percentages below the normal price, adjusted 
to cents per barrel, and a curve similar to that of the normal price fitted. 
In Fig. 6 the basic price is compared with the more rapidly declining 
normal price, and the actual price. 
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Fic. 6.—BASIc PRICES OF CRUDE PETROLEUM, Unitep Srarss, 1892 To 1932. 


SUMMARY 


The normal and basic prices of petroleum are declining, the former at 
the rate of 1.58¢ per barrel per year and the latter at the rate of 1.34¢; 
if corrections are made for the upward influence of the general price level, 
the declines relative to it are 2.25¢ and 2.02¢, respectively. 

Unless unforeseen events of major importance occur, the declining 
trends of normal and basic prices now in evidence will probably continue 
for many years in spite of the inevitable flurries due to temporary condi- 
tions. The decline of prices eventually will cease as the industry enters a 
period of stabilized costs. When and if technology is no longer able to 
compensate for the natural consequences of the depletion of shallow oil 
reserves near consuming centers, first the basic price and then the normal 
price will rise, relative consumption will be restricted by higher prices, 
and the industry will assume the characteristics of decline. 
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sonal variation, with a low in the winter and a high in the summer, 
known. Iti is logical to expect that the nature of the variation a 


employment of closed cars, and growth of mass eal but so far as I 
am aware the change in seasonal variation las never been investigated — 
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Fic. 1.—AVERAGE DAILY CONSUMPTION OF GASOLINE IN Unirep Status, 1917-1933. 

Shows also the trend of the series determined by fitting a curve representing a 
two-month moving average of a twelve-month moving average of the original data. “4 
The deviations of the raw figures from the trend represent the seasonal tendency. 


and measured. It is the purpose of this paper to present the method and 
results of such an investigation, undertaken as a contribution to the 
technique of planning operating schedules now so prominent in connec- 
tion with the functioning of the industry under a Federal quota system. 
For the method employed I am indebted to the suggestions and help 
of Frederick R. Macaulay,! who kindly looked over the work sheets; and 


* Consulting Engineer. 


1 See also F. R. Macaulay: The Smoothing of Time Series. National Bureau of 
Economic Research, New York, 1931. ; 
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_ eredit is due Barnabas Bryan, Jr., for assisting in the computations and 
_ the graphic work. Ideas for the approach to the problem were also 


derived from an article by Aryness Joy and Woodlief Thomas of the 
Division of Research and Statistics of the Federal Reserve Board.’ 

The data employed are the monthly figures for domestic gasoline 
consumption from August, 1917, to October, 1933, the entire period for 
which statistics are available by months. The sources of the data are 
the published reports of the U. 8. Bureau of Mines, but the figures for 
1931-1933, which are published on a motor-fuel basis, were recalculated 
to a gasoline basis according to the formula employed in computing 
consumption for the 1917-1930 period, so that the entire series should be 
homogeneous. The method employed in the investigation embraces 
the following steps: 

1. The monthly consumption figures are reduced to a daily rate basis 
and plotted. 

2. A smoothed curve is then fitted to this series by computing a two- 
month moving average of a twelve-month moving average and centering. 
See Fig. 1. 

3. The percentage deviations of the original data from the smoothed 
curve are next computed and segregated by months. 

4. The deviations for each month are then plotted separately; a five- 
year moving average fitted to each set; and the trend thus indicated is 
smoothed (Fig. 2). The result indicates the trend of the seasonal factor 
for each month. 

5. Next the smoothed curve for each month is graphically converted 


into the corresponding percentage deviations and these figures, after 


minor adjustments prorated so as to make the sum of the months for 
each year equal to 1200, become the seasonal factors. Thus a seasonal 
for each year is obtained. The 1934 seasonal is derived by extrapolation 
of the smoothed curve of percentage deviations. 

The results obtained from these successive computations may be 
summarized by reference to the accompanying charts. Fig. 1 shows the 
daily rate of domestic gasoline consumption from August, 1917, to the 
present, with the trend of these figures indicated by the heavy line. 
The fluctuations of the monthly figures (light line) about the trend (heavy 
line) measure the seasonal tendency. 

Fig. 2 shows for each month separately the seasonal tendency (light 
line) with the trend, indicated by the heavy line. The trend shows 
clearly that the seasonal factor has been changing and measures the 
direction and degree of this change. It is apparent from Fig. 2 that 
the seasonal factors have been rising in the winter and declining in the 
summer; and the amplitude of the seasonal variations is narrowing. 


2 The Use of Moving Averages in the Measurement of Seasonal Variations, Jnl. 
Amer. Statistical Assn. (1928) 23, 241-252. 
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Fic. 3.—SEASONAL VARIATION OF DOMESTIC GASOLINE CONSUMPTION FOR THREE 
SUCCESSIVE FIVE-YEAR PERIODS. 
Showing flattening of seasonal factors in summer and decreasing amplitude of 
seasonal variations. 


Taste 1.—Seasonal Variation of Gasoline Consumption in the United 


States for Three Successive Five-year Periods and for 1933 and 1934 
(Expressed in Per Cent of Trend) 


| 1918-1922 | 1923-1927 1928-1932 | 1933 | 1934 

ACAD TEL Sie ee ae eae Uae. 81.3 78.5 81.6 82.0 
IBEDEUATY*08 «02 6). 73.0 79.6 84.1 84.1 84.1 
Maren sic8-: eos 82.8 85.5 90.9 91.1 91.1 
PATI Be eres cos steoe- < 94.6 99.4 102.6 101.6 101.4 
US cs Se ee ee 107.4 107.7 106.7 106.6 106.5 
UW cee eee 116.3 111.2 ln egs: Ap hits: 111.8 
Ce Ry a Specie oe pene 123.9 ale lege 114.1 i Pe 112.5 
PANGS G's Gesce oa niens 128.4 120.0 114.8 W207 112.6 
September.......- 119.1 109.3 failed, 112.0 112.0 
OGtODerc.weune ce: 108.8 104.3 101.5 101.6 101.7 
November......-- 94.7 95.3 95.8 96.6 96.7 
December... 2.2.6. 79.3 89.3 87.8 87.6 87.6 

MG GALS ree sees as 1200.0 1200.0 1200.0 1200.0 1200.0 


Fic. 2.—TREND OF SEASONAL VARIATION OF DOMESTIC GASOLINE CONSUMPTION FOR 
THE PERIOD, 1918-1933. > 
Determined by plotting percentage deviations from trend of original series and 


measuring tendency of deviations by smoothing a curve representing a five-year 


moving average of deviations, centered. Note that seasonal factors tend to decline 


in warm months and to rise in cold months. 
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Fig. 4.—AvmRAGE DAILY CONSUMPTION OF GASOLINE IN THE UNITED STATES WITH 
SEASONAL VARIATION ELIMINATED, TOGETHER WITH THE SEASONAL VARIATIONS SEPA- 
RATELY SHOWN, BY MONTHS. 


Note flattening tendency of seasonal curve in summer months and narrowing 
amplitude of entire series of seasonal variations. 


Fig. 4 is designed to illustrate the trend of domestic gasoline consump- 
tion with the seasonal factors eliminated (upper curve), together with 
the seasonal variations separately shown (lower curve). The latter indi- 
cates the flattening tendency in the summer and the narrowing amplitude 
between winter and summer. 
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Chapter III. Stabilization 


Petroleum Stabilization in 1933 


By Eart Ontver,* Ponca City, OKLAHOMA 


Tue major development in stabilization of the oil industry during 
1933 was the transition in the United States from state control to federal 
control in many of the functions that government is presumed to exercise. 
A brief review of the influences leading to that transition is given here to 
suggest its significance and to assist in forecasting its further development. 

Bitumens were known to the ancients and have been applied to minor 
uses since earliest historic times, but it was not until after the discovery 
of oil in considerable quantities near Titusville, Pennsylvania, in 1859 
that it was made the basis of extensive commercial undertakings. 

In 1859 little was known about the origin of oil and gas, the nature 
of these deposits, and the physical laws that controlled their accumula- 
tion. Scientists soon began to study them, but 50 years or more of active 
oil-field development had elapsed before sufficient geological information 
had been accumulated to point the way toward efficient recovery of these 
products. In fact, only within the past five years has the function 
of reservoir energy become widely understood, yet it is a primary factor 
in oil recovery. 

In the meantime, during the 75 years that have elapsed since the 
discovery near Titusville, this infant industry has developed into an 
industrial giant. In complete ignorance of their destructive effect, 
wasteful development methods were initiated in Oil Creek and these 
became industrial habits. These habits in turn became oil and gas law. 
Under that law vast. sums of money have been expended, rights have 
become vested and development methods fastened on a great industry 
that not only bring upon it periodic demoralization but cause ruthless 
destruction of the nation’s reserves of these important natural resources. 
This is occurring in the midst of a petroleum era when oil is essential to 
the nation’s security, its industrial supremacy, and the personal con- 
venience of every citizen. Its conservation, therefore, has become a 
question of grave national concern. 


CONFLICT BETWEEN PuysicaL Facts anp Orn Law 
This destruction of an important natural resource and periodic 
demoralization of a vast industry can be halted only by readjusting oil 


* Chairman, Stabilization Committee, Petroleum Division A.I.M.E., 1934. 
150 


“Engen | se oe 


EARL OLIVER 151 


and gas law until it promotes oil-field development practices suited to the 


products handled. To indicate the readjustments that are necessary, 


it is desirable to summarize the elementary principles both of oil and gas 


accumulation and of oil and gas law. 


Physical Facts 


The origin of petroleum and natural gas still remains a subject of 
scientific controversy, although the most generally accepted theory is— 


- that they are related decomposition products of vegetable and animal 


organisms that were deposited in lagoons, estuaries, bays and lakes; 
that the resultant decomposition products were eventually forced into 
contiguous porous formations so constructed as to entrap them and 
prevent further migration. 

Disregarding speculation as to origin, it is sufficient for our purpose 
to say that oil and natural gas deposits are now found together under 
pressure in porous sandstone, limestone or other entrapping media. 
This pressure is ascribed theoretically to a combination of influences, 
among which are hydrostatic head, weight of overburden, confined 
chemical reactions, and other more or less uncertain factors. Upon 
discovery of an oil pool this pressure usually corresponds somewhat 
approximately to the equivalent weight of a column of water reaching 
from the reservoir to the surface. If found at 500 ft., the original pressure 
is likely to be somewhat of the order of 200 lb. persq.in. If found at 
5000 ft. it may approximate 2000 lb. per sq. in., or the equivalent of one 
ton for each square inch. 

The reservoir space occupied by the oil and gas is made up of pore 
spaces, usually microscopic in size; yet in the aggregate they frequently 
represent one-fourth to one-third of the total volume of the reservoir 
formation. Thus a sandstone of 25 per cent porosity is capable of con- 
taining 2000 bbl. of oil per acre-foot. If 10 ft. thick it could have an oil 
content of 20,000 bbl. per acre. 

The geologic structures in which oil and gas have been trapped are 
innumerable in shape and extremely varied in size. Moreover, in most 
instances they were only partly filled with oil and contain, in addition, 
water and natural gas. In general, the three fluids collected in the 
common reservoir in the manner their respective weights would suggest. 
Water is found at the lowest point, oil at an intermediate elevation, 
with natural gas occupying the higher parts of the reservoir. ‘To some 
extent, however, pressure modified these relationships as follows: Natural 
gas in the reservoir, corresponding to Boyle’s law, occupies space in 
inverse proportion to the pressure; so that gas under 2000 lb. pressure 
occupies only 0.7 per cent of the space it would occupy at sea-level 


- atmospheric pressure. Furthermore, in direct proportion to pressure 


exerted, oil is capable of holding natural gas in solution. Dissolved 
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gas renders the oil less viscous and enables it to — ‘iii ap 
pores of the reservoir formation with greater freedom. Retent 
reservoir pressure during the period of oil recovery is important, therefore iB 

These segregated bodies of oil and gas vary greatly in extent and i 
volume, dependent largely on the presence of source material and the a 
shape, size, and porosity of the structure in which they were trapped. 
They range in size from a few acres to an accumulation like that oa 
East Texas, which covers 120,000 acres. Most of the individual oil 
pools, however, do not exceed in area a few square miles. 

These innumerable hidden oil and gas deposits have maintained the 
same status throughout geologic ages without movement, loss, or waste. 
They could be recovered with little waste. It is obvious, however, that — 
as soon as a hole, providing a means of ready escape, is drilled into one 


Fig. 1.—IDEAL OPERATION. (Reproduced from an article by the author in Reports of 
American Bar Association, Vol. 55.) 


of these high-pressure reservoirs, with its intensely fluid content, a change 
of status takes place.. Release of pressure through a hole drilled at any 
point into the reservoir permits the gas to expand. If the hole is advan- 
tageously located the expanding gas drives oil and water ahead of it 
through the porous reservoir formation toward the point of escape. 
By this means oil is driven out of the minute pores of sandstone or 
limestone into the well of the operator and a producing oil well is the 
result. On the other hand, if the hole is drilled into the part of the 
reservoir that contains gas only, the gas expands and escapes without 
driving oil ahead of it. Moreover, gas comes out of solution in the oil 
as the pressure is reduced. This tends to render the oil viscous and 
sluggish, difficult to move. Consequently most of it becomes lost to 
recovery in the microscopic pores of the reservoir formation. 


Efficient and Inefficient Methods Contrasted 


The modern conception of efficient recovery is to reinject that gas 
into the top of the structure that comes out with the oil lower down and 
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_ thus maintain a pressure on the reservoir until the oil content is as fully 
recovered as this recycling process will accomplish. See Fig. 1. 


During the early life of the pool, under practices that have long 


prevailed, the oil moves freely because of the high pressure and its high 


fluidity, causing ‘‘gushers” or flowing wells, but as the pressure declines 
the wells decline in production. This explains the rapid decline that has 
constantly taken place in new oil fields. Unless there is also a hydrostatic 
head back of the oil that will drive it out when the gas pressure is depleted 


- the oil ceases moving and the oil pool is abandoned, although the oil 


content is by no means exhausted. Laboratory tests of cores secured 
from holes drilled in abandoned pools have indicated that as much as 
75 per cent or more of the original oil content remains in some of these 
pools, lost to recovery, through failure to utilize and direct this stored 
energy into more effective recovery. See Fig. 2. 


Fic. 2.—CoMPprrtiTIvE DEVELOPMENT. (Reproduced from an article by the author in 
Reports of American Bar Association, Vol. 55.) 


Oil and Gas Law 
The Capture Rule 


Few of the foregoing facts were known when the Oil Creek discovery 
was made in 1859. In harmony with the law of real property in that 
state, the owner of land was assumed to own the content of his land. 
Accordingly leases were made by: the landowners and wells were drilled 
by the lessees in the attempt to recover that content. It soon became 
apparent, however, that operations on one tract of land affected recovery 
on adjacent tracts. The courts found difficulty in adjudicating rights in 
litigation arising out of that condition. 

Finally, 30 years after the beginning of the industry, in 1889, the 
Supreme Court of Pennsylvania, seeking analogous conditions in the law, 
evolved for oil and gas in place a new and impracticable type of ownership 
that has been responsible for destroying much of the nation’s oil and gas 
resources. It gave legal sanction to development practices in the oil and 
gas industry that have made it extremely wasteful and unstable. 


= =? & 
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In Westmorland & Cambria Natural Gas Co. vs. DeWi it et al., 
Pa. St. 235, that court said: 


Water and oil, and still more strongly, gas, may be classed by “ee if the 
analogy be not too fanciful, as minerals ferae natura. In common with animals, — a 
and unlike other minerals, they have the power and tendency to escape without the — = 
volition of the owner. Their “fugitive and wandering existence within the limits of — 
a particular tract is uncertain.” They belong to the owner of the land and are part 
of it, and are subject to his control; but when they escape and go back into other — 
land, or come under another’s control, the title of the former is gone. Possession of 
the land, therefore, is not necessarily possession of the gas. If an adjoining, or even 
a distant, owner drills his own land, and taps your gas, so that it comes into his well 
and under his control, it is no longer yours, but his. 


That opinion was rendered in connection with litigation over gas 
\ rights, but it was made equally applicable to oil and soon becamealeading __ 
authority wherever the subject of oil and gas was discussed. Other , 
courts enlarged upon it with variations until it evolved for oil and gas in 
place an ownership status the like of which has never been applied to 
any other species of property. : 

Legalizing reduction to possession of any object belonging to another 
makes ownership a nebulous thing. No incentive remains with the 
owner to care for and preserve the article for future enjoyment. Partic- 
ularly is that true of articles so easily reduced to possession by another 
as are oil and gas in place. This ownership theory explains the rapid 
destruction in the United States of its oil and gas reserves. It is a type 
of ownership injurious alike to the public welfare and to the owner in 
that it imperils the thing to which it is applied. 

In this instance it induces a wild scramble for oil and gas as soon 
as discovery ismade. It supplies all the influences for immediate destruc- 
tion of reserves that prompted slaughter of buffalo and wild pigeon in 
pioneer days. Nor did it even throw around this natural resource the 
regulation in reduction to possession that now characterizes game law. 
The property owner who complained to the court about injury being 
done him through wasteful development methods applied by others 
was advised that his only recourse was to go and do likewise. His 
only remedy was held to be achieved through drilling offsets. Thus the 
law forced immediate extraction regardless of market demand. 

Apparently the courts, and even the oil industry at that time, were 
laboring under the misconception that the greatest direct damage done to 
other owners in a common pool by hasty and wasteful development 
methods on the part of any one owner was through his appropriating to 
himself more than his just share of the reservoir content. As a matter 
of fact, however, it now appears, in light of present scientific knowledge, 
the greatest direct damage done by that type of development is waste of 
reservoir energy. By that waste the total oil recovery is much reduced, 
and the cost of recovery is unreasonably increased. 
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Ownership in Common 

4 It is true that in 1900 the United States Supreme Court in Ohio Oil 
Co. vs. Indiana, 177 U.S. 190, suggested for oil and gas in place a prac- 
tical legal status which, if it had been pursued to its logical conclusion, 


would have avoided the injurious effect of the Pennsylvania opinion. 


In that case Justice White, later Chief Justice pointed out the distinction 
between animals ferae natura and oil and gas in place. He stated that 
things ferae natura are public property, and as such are subject to the 
absolute control of the state; on the other hand, that oil and gas in place 
are private property owned in common by those under whose lands the 
deposit lies, and as such the state has only a qualified control over them. 
He implied that that control, however, includes the authority to prescribe 
methods of development and operation that will prevent one common 
owner from doing injury or injustice to the other common owners or from 
taking more than his just proportion of the common supply. 

The part of Justice White’s opinion that recognized the right of the 
state to regulate development and production methods has been uniformly 
accepted as authority, but the part of his opinion that characterized oil 
and gas in place as the common property of those under whose lands the 
deposit lies, and as such, subject to just distribution among them, was 
consistently ignored. 

To make effective the last mentioned phase of his opinion would 
have required legislative action on the part of the state specifying some 
practical standard of participation to supersede the unregulated capture 
rule. That in turn would have required a planned development and 
operation program in each local pool so that the specified standard could 
be complied with. The latter would not have been an unprecedented 
legal step. Governments long ago devised methods for handling property 
owned in common that insure justice and fairness to all the common 
owners. However, public understanding of the issues involved was 
not sufficient to promote the necessary legislation. Nor indeed has it yet 
developed to that point, although economic conditions are inevitably 
forcing the oil industry in that direction. Whether it will arrive before 
the nation’s oil supply is completely dissipated is still an open question. 


A Practical Standard of Participation 


It is true that courts and writers have said repeatedly that the 
owner of the soil owns the oil and gas beneath its surface, and that is now 
declared to be the law in the majority of the oil-producing states. This 
would seem to be an acknowledgment of absolute ownership in the owner 
of the land of the oil and gas beneath the surface. That statement also 
appears to supply the much needed standard of participation in the 
common property that should supplant the unregulated capture rule. 
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Given that standard, petroleum engineers can re di 

developing and operating oil pools that will return to erie 
from the common supply an amount reasonably equivalent to the 
able content of his land. This procedure would harmonize wit. 
prevailing conception of ownership as applied to all other classes ‘of 
property. If consistently enforced it would in time correct many im he 7 
ills of the oil industry. : 


Old Practices Perpetuated 


However, the influence of practices and habits that have persisted 
from the beginning of the industry, and which were given legal sanction by 
the Pennsylvania decision of 1889, is so powerful that it has caused courts, 
even in states that have adopted the ownership in place theory, to 
follow the impracticable qualification propounded by the Pennsylvania 
court that ‘‘The oil in your land is yours; but if the owner of the adjoining 
land taps your oil so that it comes into his well and under his control, it is 
no longer yours, but his.” 

This peculiar concept of ownership has dominated the oil industry 
from its beginning 75 years ago. As each new oil discovery was made, 
oil was forced on the market in disregard of market demand. During 
the earlier years of the industry, discoveries were less frequent and the 
flood of oil was eventually absorbed after a period of industrial demorali- 
zation, but as oil finding and oil-recovery methods became more fully 
developed overproduction became chronic. 


FEDERAL OIL CONSERVATION BOARD 


Finally, on Dec. 19, 1924, notwithstanding that regulating oil produc- 
tion was considered to be a state function, President Coolidge constituted 
a Federal Oil Conservation Board consisting of four cabinet members 
to study the government’s responsibilities and to enlist the industry in 
correcting the evils named. After extended investigation this Board 
concluded that the evils grew out of the capture rule, and that this could 
be overcome only through adoption of unit operation in the development 
of individual oil pools. This is a practical method of applying Justice 
White’s suggestion made 25 years previously regarding ownership in 
common. It would enable efficient control and utilization of reservoir 
energy, and at the same time would afford a ready means of apportioning 
the common property among the several owners in proportion to the 
recoverable content of their respective land ownerships. It could be 
applied only in a modified form to pools already partly or fully developed, 
but could be applied in its entirety to new pools. The Federal Oil 
Conservation Board also unsuccessfully endeavored to promote an inter- 
state compact to provide unity of action. Its various findings were 
incorporated in five reports issued during the years 1926 to 1932 inclusive. 


- EARL OLIVER 


« 


PRORATION UNDER STATE CONTROL 


While the Oil Board was unsuccessful in enlisting united action on the 
- part of the several oil-producing states through the agency of a formal 
interstate compact, it did nevertheless assist in promoting individualistic 
~ action on the part of several states in curtailing production. So-called 
_proration programs were initiated during 1927 in several oil-producing 
states. Under these the total aggregate production was designed to be 
kept within the limits of estimated market demand. 

At first these proration activities were started as voluntary move- 
ments within the industry. Noncompliance promoted the passage of 
laws in several states setting up more or less restricted forms of pro- 
ration, together with the agencies delegated to administer it. Compli- 
ance with the state curtailment program was vigorously resisted in the 
courts by certain types of objectors. But in all cases where the action 
of the administrative agency of the state was clearly within the intent 
of the statute, and the statute itself was clear and reasonable, the leg- 
islation of the state was upheld. In two states martial law was applied 
in the effort to maintain orderly efficient withdrawals, but this was due 
to the absence of legislation setting up an adequate due process under 
which orderly withdrawals could be made. 

In this manner, through the proration laws, was gradually built up 
the first major modification in practice of the unregulated capture rule. 
In all cases where the issue was clearly drawn, the right of the state to 
regulate development and withdrawals was upheld. Continuation of 
chaos and demoralization in the oil industry was not due, therefore, to 
lack of authority in the state to regulate, but on the contrary was 
due to neglect of the state to enact practical legislation designed to 
that end. 

The proration movement was launched under the guise of conserva- 
tion, but the chief objective was to curtail production so that the price 
structure would not be unduly broken down. ‘This was a proper motive 
in itself, since no industry can continue to run at a loss, but price demor- 
alization was merely the surface manifestation of a deep-seated cause. 
Unfortunately, proration legislation was superficial in its aspects. It did 
not reach the cause. As a consequence administrative action also could 
be only superficial. Proration administration degenerated into an effort 
to regulate a vast industry through the use of temporary expedients 
designed for emergency application. No common principle by which 
individual rights could be determined ran through them. Property 
ownership became uncertain and obscure. As a result, violations were 
practiced with impunity, and proration broke down. Uncoordinated 
state control had failed in its objective. 
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FrepreraL Or ADMINISTRATION 


This was the status when the Roosevelt administration took charge 
on March 4, 1933. With the breakdown of state control, the oil indus- 
try and the states alike looked to the federal government for relief. 
After passage of the National Industrial Recovery Act the President 
called a conference in the City of Washington to which the governors 
of the several oil-producing states and the oil industry were invited to 
send representatives. 

Out of the several conferences that followed, an oil code was evolved. 
The Secretary of the Interior was named Oil Administrator. He was 
to be assisted by a Planning and Coordinating Board of 15 members, 
12 of whom were to be nominated by the oil industry, and all were to be 
appointed by the President. The Secretary of the Interior also set up 
within his own official family a committee designated ‘‘The Petroleum 
Administrative Board” to assist him in his own personal responsibilities 
under the code. These two boards, working together under the direction 
of the Oil Administrator and in cooperation with the agencies of the 
several oil-producing states, have devised a system of curtailment of 
production, with the result that Mid-Continent 36° gravity crude oil 
advanced from 25¢ and less per barrel in May, 1933, to $1 per barrel in 
December, 1933. Chicago quotations on middle grade group 3 gasoline 
f.o.b. refinery increased from 2!¢¢ per gallon to 454¢ on those respective 
dates. Corresponding increases took place elsewhere throughout the 
United States. 

To that extent and in that manner has federal control superseded 
state control of the oil industry. It has been somewhat more successful 
in establishing temporary stability than were the several states. Like the 
states, however, the federal agencies have had legal authority to attack 
the problem only through superficial measures. Their attempts have 
been based on the capture theory of ownership and contain the inherent 
weaknesses of that theory. 

This joint federal and industrial control, built as it has been on 
an unsound theory of ownership, has necessitated a vast, top heavy, 
complicated machinery of control that can scareely endure as a per- 
manent solution of the industry’s problem. It is already giving evidence 
of breaking down under its own weight. On the other hand, the degree 
of success it has already attained as compared with the failure of state 
control will tend to invest the Federal Government with more permanent 
control over the industry than existed before March 4, 1933. 

Although the present efforts of the Oil Administrator have necessarily 
been predicated on the capture rule, with its inherent defects, there is 
reason to believe that a degree of permanent federal control, as distin- 
guished from state control, will result in the general adoption of more 


EARL OLIVER 


problem from a nationalistic outlook. Comparison of the methods of 
extraction in the United States with those of other enlightened nations 
clearly indicates that United States methods are not favorable to the 
national welfare. State agencies, on the other hand, are usually guided 
by the more restricted viewpoint of competition between states. 


Basis oF FrpERAL ConTROL 


The legal basis on which federal control has heretofore been ap- 
proached, apart from the N.R.A., has been the established right of 
the Federal Government to control interstate commerce. However, in 
view of the growing importance of petroleum products to the personal 
comfort and convenience of every citizen of the United States; to the 
economic welfare of its entire citizenship; to the transportation problems 
of its people; and to its safety during war, it is reasonable to expect that 
federal legislation looking toward effective conservation and utilization 
of this important natural resource could be sustained on other grounds. 
Failure of the several oil-producing states to enact suitable legislation to 
that end makes it imperative that the Federal Government do so in its 


own defense. 


At the A.I.M.E. stabilization conference held in New York City 
on Feb. 22, 1934, Dean Roscoe Pound and Dean Henry M. Bates both 
expressed the opinion that the war power of the Federal Government 
gives it adequate constitutional authority to legislate control over 
development and operation of the oil industry, assuming that a suitable 
law is enacted to that end. 


OBJECTIVES OF LEGISLATION 


Effective legislation, among other objectives, would comprehend 
the following: 

1. Developing suitable methods of balancing supply with demand. 

2. Developing efficient utilization of reservoir energy. 

3 Establishing a practical standard of participation. 

4. Developing ownership control in local pools. 

An essential step toward these objectives is recognition that each 
of nature’s containers in which she has stored oil and gas should be 
regarded in engineering practice as a nondivisible unit entitled to peculiar 
and individual consideration. No two are alike in all respects. There- 
fore statutory enactments, to be effective, must be confined to general 
principles, leaving much discretion in the formulation of methods to 


administrative agencies. 


Kettleman Hills Middle Dome Unit Plan* 


By Josern JensEN,t Los ANGELES, CALIF. 


(Los Angeles Meeting, September, 1933) 


Wuen the legal holders of Government permits in the Middle dome 
of Kettleman Hills entered into an agreement on May 27, 1929, to suspend 
all drilling activities on five permits, covering portions of the Kettleman 
Hills Middle dome, until Jan. 1, 1931, and the owners of fee lands con- 
tiguous thereto assured Secretary Ray Lyman Wilbur, of the Department 
of the Interior, that they too would respect a drilling suspension for a 
period of a little more than 19 months, none of these interested parties 
realized that this was the first step in a chain of events that would culmi- 
nate, more than four years later, in the formation of the Middle Dome 
Corporation for the development of the Middle dome area in a unit 
plan that would be the first unit plan to be approved by the California 
Regional Producers Committee and recommended to the President as a 
satisfactory unit plan, under Section 7 of Article III of the Oil Code, 
approved Aug. 17, 1933. Neither did they realize that more than two 
million dollars would be spent before oil or gas would be successfully 
and continuously produced from wells drilled on that Middle dome 
area. On Oct. 1, 1933, under the terms of the Middle Dome Agreement, 
the Middle Dome Corporation assumes control of activities and is respon- 
sible for the division of all products produced from the Middle dome area 
to members of the Middle Dome Corporation. 

This Middle dome plan is the second successful unit plan developed 
in California in the past three years, the first being the Kettleman North 
Dome Association,' formed under the agreement of Jan. 31, 1931, for 
the unified operation and development of more than 12,000 acres of land 
on the North dome of the Kettleman Hills. All other unit plans dis- 
cussed in the past four years in the state have not yet been completed, 
for one reason or another, but under Section 7 of Article III of the new 
Oil Code numerous plans of development, some of which may be unit 
plans, will be forthcoming within the next few months. There is much 


* Published by permission of J. H. Jenkins, Vice-President in Charge of Produc- 
tion, Associated Oil Co., San Francisco, Calif. 
+ Chief Petroleum Engineer, Associated Oil Co. 
‘See also J. Jensen: Unit Operation in California. Trans. A.I.M.E. (1930) 86, 71. 
Unit Operation in California with Discussion of Kettleman North Dome Associa- 
tion. Trans. A.I.M.E. (1981) 92, 80. 
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in the Kettleman Hills Middle Dome Agreement worthy of consideration 
by operators who are thus affected by the new Oil Code. 


The discussions that resulted in the making of the Middle Dome 


Agreement extended over so long a period and were so entirely free from | 


the usual pressure incident to making contracts that the agreement 
represents the rather mature deliberation of the engineers, lawyers and 
other parties who participated in its preparation and finally secured the 
approval of the form of the agreement from Harold L. Ickes, President 
Roosevelt’s Secretary of the Interior. Nonetheless, it is true that work 
on the Middle Dome Agreement was more or less related to the drilling 
of the two wells in the field and was affected by developments in 
those wells. 


KETTLEMAN Hitus AREA 


The general Kettleman Hills area has long been regarded with favor 
‘as a possible source of oil. Both the North dome and the Middle dome 
are clearly defined anticlines, separated by a distinct saddle, and extend 
along a general northwest-southeast trend in western Fresno and Kings 
counties, California. Most of the area was withdrawn from oil develop- 
ment in 1909 by President Taft, upon the recommendation of Dr. Ralph 
Arnold, then a geologist of the U. S. Geological Survey, and Dr. George 
Otis Smith, then Director of the Survey. Several wildcat wells were 
drilled on the North dome, whose discovery well proved to be Milham 
Exploration Company’s Elliott No. 1, which blew in Oct. 5, 1928, when 
the hole was 7095 ft. deep. On the Middle dome, the first well drilled 
was that of the Bolsa Chica Oil Corporation, known as Downing No. 1. 
This well spudded in Jan. 29, 1924, and was drilled to a depth of 3502 ft. 
by Sept. 26, 1927. It found a small amount of heavy oil of 15° to 18° 


eravity. The well produced for a short time in 1928 at a 30 to 60-bbl. — 


rate after the well had been plugged back to 2065 ft. Production was 
secured between 1749 and 2033 ft. in the Etchegoin formation of the 
Pliocene age. _ 

On Jan. 3, 1931, the Petroleum Securities Co. spudded in its Burbank 
No. 1 well. This well, when tested for production on Dec. 13, 1931, at a 
depth of 9280 ft. (plugged back from 9332 ft.), flowed 1400 bbl. of 50° 
gravity oil, 1200 bbl. of water, through four 96¢4-in. beans, with a tubing 
pressure of 360 lb. and 34,000 M. cu. ft. of gas. The well was killed on 
Dec. 23, 1931, to make repairs. Thereafter work continued on the well 
until Sept. 7, 1932, when operations were suspended, without restoring 
the well to production. 

Standard Oil Co. well No. 6-29V was spudded in Feb. 12, 1931. 
When the well reached a depth of 7885 ft., it was placed on an open-hole 
production test on Apr. 27, 1932. It made 1245 bbl. of 53.8° gravity 
oil, cut 45 per cent, tubing pressure 675 lb., casing pressure 1200 lb., gas 
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production 36,300 M. cu. ft. dd! 
deepened to 8406 ft. When tested on Inna 3, 1932, it déoud 9 
oil, 360 bbl. of water and 25,000 M. cu. ft. of gas. The well died M y 


wee of work followed. Happily, it resulted in the creniottad of the — 
well on Apr. 20, 1933, producing 1072 bbl. of 55.5° gravity oil, 5 bbl. Es 
water and 27,030 M. cu. ft. of gas, with a tubing pressure of 510 lb. and 
a casing pressure 935 lb. The well is plugged back to 7835 ft. and pro- 
duction is secured below the combination cementing point of the 7-in. | 
casing at 7533 feet. . 


Discussions oF Unit PLAN 


The first meeting to discuss a unit plan was held on March 11, 1931, — 
following the passage on March 4, 1931, of the Unit Plan Amendment to 
Sections 17 and 27 of the Leasing Act of Feb. 25, 1920. At this first 
meeting a committee was appointed to draw up a form of agreement. 
Thereafter the subject was discussed more or less regularly through the 
fall and winter of 1931 up to April, 1932. When the Standard well went 
off production at that time no further action was taken. Upon the final 
completion of the Standard well in April, 1933, Secretary Ickes notified 
the permit holders in the Kettleman Hills that G. W. Holland, an 
attorney in the Department of the Interior, would be sent from 
Washington to work with the permit holders and the Standard Oil Co. 
in the formation of a unit plan. Mr. Holland, assisted by Robert 
Patterson of the U. S. Geological Survey, handled the situation with rare 
tact and skill. Following a month of negotiations in Los Angeles, Mr. 
Holland returned to Washington, accompanied by a committee of three, 
representing all interested companies in the Middle dome area. F. §. 
Bryant was chairman of this committee and E. H. Blanche as attorney 
and Joseph Jensen as engineer were members. Throughout all the 
meetings of the Middle Dome Committee, Mr. Bryant served as secretary 
and did all of the detail work for the committee. To him and the sup- 
port of his employer, the Standard Oil Co., much credit is due for the 
formation and organization of the Middle Dome Corporation. Mr. 
Bryant was chosen as the first president of this new corporation. 

In Washington the subcommittee was favorably received by Secretary 
Ickes, and negotiations were carried on through Nathan Margold, 
Solicitor of the Department, Mr. Holland and Herman Stabler, Chief 
of the Conservation Branch of the U. S. Geological Survey, assisted by 
Messrs. Soyster and Hines of his Division. 

The general procedure adopted in preparing the different instruments 
was that followed in connection with the North Dome Agreement. All 
controversial matters were first assembled and worked out in the Middle 
Dome Agreement, to be executed by the corporation and its lease-owning 
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members. Routine and general matters of procedure that might be apt 
to change from time to time were included in the Articles of Incorporation 
and By-Laws of the Middle Dome Corporation, so that if necessary they 


could readily be changed in the future. 

Under the March 4, 1931, Amendment to the Leasing Act of Feb. 25, 
1920, unit plans may be organized after a discovery is made. The 
Secretary of the Interior is authorized to establish the outer boundaries 
of such a plan, and thereafter when any permit is within such a plan the 


Secretary of the Interior may issue a lease for the area of the permit so 


included in said plan, without further proof of discovery. Hence, in 
the beginning of the operation of such a plan, some lands will be classed 
as participating lands and others as nonparticipating lands. Under the 
Middle Dome Agreement the outer limits of the plan are bounded by a 
blue line and the participating lands are included within a red line, 
which is subject to change each year. This designation is different from 
that used in the Kettleman North dome plan, where the blue line is 
the outer limit of participation and the red line is an irreducible line, 
which protects all land within it from exclusion from participation. 
Whereas, in the North dome of Kettleman Hills all Standard fee lands 
were held intact in a separate body from those of the Kettleman North 
Dome Association, in the Middle Dome Agreement all Standard lands 
are included. The one unit plan covers the entire area. 

Lands embraced in the Middle dome unit plan are shown on the 
accompanying map (Fig. 1). These lands are classified as shown 
in Table 1. 


‘Tapue 1.—Lands in Middle Dome Unit Plan 
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ye teside A pie ee Ociginal 
ue Line, articipating P 
ee Including thowe | Agres inside | participation 
Standard Oil of California...........- 7,900 580 49.57 
Bolsa Chica Corporation.........--++ 1,540 300 25.64 
Petroleum Securities Co..........++:- 1,300 150 12.82 
Wiel Oil C0 sen. =- sere sae. 6° 840 140 11.97 
Associated Oil Co........5 ee eee eee 640 
Robert Hays Smith.........---++++-- 1,920 
Pacific Western Oil Co..........-+++- 400 

saligilk: BAe Soe, See ee 14,540 1,170 100 


PARTICIPATION ON ACREAGE Basis 


The most distinctive feature of the agreement is its provision relative 
to participation on an acreage basis. This is based upon a determination 
of the commercially productive or commercially nonproductive character 
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of the land as of the effective date of the agreement, which is Oct. 1, 1933. 
Whenever from time to time lands are classified either as participating 


or nonparticipating (that is, commercially productive or commercially 


nonproductive), retroactive adjustments in accounts are made back to 


the effective date of the agreement. To accomplish this, the Corporation 


will set the price of products distributed to the members so that, except 
for the item of interest on money for products delayed in distribution 


‘because of late classification, each acre of land finally determined to be 


productive on the effective date of the agreement shares equally with 
every other acre so classified and included within the red line. Except 
for interest, nothing is gained by early classification and, likewise, nothing 
is lost by delayed classification. Lands improperly included give back 
whatever has been credited to them and, likewise, are refunded the pro- 
portionate part of the expenses they have paid. To avoid an indéfinite 
question as to ownership of products distributed, the agreement provides 
that land once classified as participating cannot be classified as non- 
participating after five to seven years from the date of classification as 
participating lands. 

In the matter of classification, a difficult question presents itself 
because nearly half of the land belongs to the Standard Oil Co. and half 
of the land belongs to the Government. As representation on the Board 
of Directors is based upon participating acreage held from time to time, 
the Standard would be able to control the Corporation. To avoid this, 
it has generously agreed that action by the Board on major problems can 
be taken only upon the affirmative vote of five of the seven directors of 
the Corporation. In land classification, even under this restriction, the 
Secretary of the Interior has the right to disapprove such action of 
the Board and to demand a reconsideration thereof in a hearing. If the 
dispute cannot be adjusted, the matter is to be settled by three arbiters, 
one chosen by the Secretary of the Interior, one chosen by the Board and 
one appointed by one of the judges of the Ninth Circuit Court of Appeals. 
In this manner every effort has been taken to protect the classification 
of lands and therefore the participation of each member, no matter how 
small that participation might be. 

Naturally, a member holding nonparticipating land is interested in 
seeing it developed as early as possible in order to enjoy the benefits of 
participation. On the other hand, since participating members bear all 
of the expenses, it would be unfair to force the Corporation to drill 
unnecessary wells. Its effort should be to avoid the drilling of dry holes. 
The Corporation, therefore, is authorized to proceed to attempt to deter- 
mine in a prudent and orderly manner the actual productive limits of the 
Middle dome area. The time, place and manner of carrying on drilling 
operations are to be determined by the affirmative vote of not less than 
five members of the board. 
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end that waste shall be eliminated and to the end that the | > 
of the Middle dome shall conform to the Corporation’s fair and proper 
share of allowable production for the State of California. a 


Gas CONSERVATION {Fag 


The Agreement contains the most stringent gas-conservation clause : 
contained in any operating agreement in existence in California. This — 
paragraph reads as follows: 


That for the purpose of more properly conserving the natural resources of the 
lands embraced within this agreement, the production of gas shall at all times be 
limited to such gas as can be put to beneficial use, including but not being limited by 
or to gas used for repressuring, storage, fuel, sales and a reasonable and proper working 
surplus or field tolerance which may be blown to the air incident to and necessary in 
the proper operation of the wells and facilities used for treating and handling gas 
produced from said lands. 
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The Corporation will treat the wet gas as a part of its operations and 
will divide as products, to the members, crude oil, casinghead gasoline and 
dry gas. 


MopIFicaTION OF LEASES 


Among other important benefits derived are the modifications of lease 
requirements, which the Secretary is authorized to make upon the forma- 
tion of the unit plan. The first modification is that each and every lease 
issued and subject to the Agreement shall continue beyond the 20 years 
specified in the lease and until the termination of the plan. The second is 
the modification of all drilling requirements to those already outlined 
above. The third is the modification as to royalty requirements accruing 
to the United States on so-called B leases, or leases not at 5 per cent. The 
Agreement provided that this royalty rate shall be computed on the 
average daily gross oil production for each month for the corporation’s 
participating acreage, as follows: 


Prr Cunt 
Up'to'2.24 bbl per’acre per day =... «aa. oe ne, oie eee 1246 
When over 2.24 and not over 4.48 bbl. per acre per day......... 1624 
When over 4.48 and not over 8.96 bbl. per acre per day......... 20 
When over 8.96 and not over 16.42 bbl. per acre per day........ 25 
When over 16.42 bbl. per acre per day...:....0....0....+<.... 33 


This scale applies during the time that the lands of the Middle Dome 
Agreement produce less than 3 per cent of the daily average rate of oil 
production of the entire Kettleman North dome field. Whenever the 
production of the Middle dome is more than 3 per cent of the North 
dome, these rates may be cut in half after notice and a hearing by the 
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_ Secretary of the Interior. In such a hearing the Middle dome operators 
are permitted to make a showing justifying the increase in production of 


the Middle dome in excess of 3 per cent of the daily average production 
of the North dome. 

Lands are not transferred to the Corporation. Only the exclusive 
right to develop and operate the lands is given. Nevertheless, the Cor- 
poration does not plan to set up its own organization. First drilling will 
be done by the Standard Oil Co. and Petroleum Securities Co. and, pos- 
sibly, later by the Bolsa Chica Corporation. Thereafter the Corporation 
may cause its field operations to be conducted by some member company 
under contract. In this way every effort will be made to reduce overhead 
to a minimum. 

This original drilling by the three member companies named above 
proved to be the solution of one of the most difficult problems in con- 
nection with the organization of the unit plan. More than two million 
dollars was spent by the Petroleum Securities Co. and the Standard Oil Co. 
on their two wells. Some of the member companies did not feel, during 
the depression, that they were warranted or able to make so large a 
contribution toward the formation of a unit plan as would be necessary 


_if they were required immediately to pay their proportionate share of the 


cost of these two wells. Furthermore, the Petroleum Securities Co. 
Burbank No. 1 well was not yet on production. Some work would be 
necessary on that well if an attempt were made to place it on production 
again. It was, therefore, decided to permit the Standard and Petroleum 
Securities to continue to drill and produce so as to recover their costs 
with interest at 4.5 per cent from the effective date of the Agreement and 
all other costs thereafter incurred with interest at 4.5 per cent until such 
items were repaid out of the production of oil, gas and gasoline. There- 
after, the Corporation will assume the operation of wells drilled by these 
companies, but until that time each member company will be in charge of 
wells drilled by it. Activities of these companies while drilling and 
operating are under the supervision of the Middle Dome Corporation. 
The casinghead gasoline plant already erected by the Standard Gasoline 
Co. will be used for the treatment of gas produced from all wells on the 
Middle dome and eventually it will be purchased by the Corporation. 
While the Middle dome is not nearly so large as the North dome of 
Kettleman Hills, and probably thus far, according to the performance of 
its discovery wells, promises to produce a larger proportion of gas than 
most California fields, the Middle Dome Agreement represents a success- 
ful attempt at unitization and an honest effort to arrange for an equitable 
distribution between all of its members of the resources of the field. 


Efficient Utilization of Reservoir Energy 
A ConrrtputTion TO THE PROBLEM OF PETROLEUM STABILIZATION 


By Josern B. Umpiepy,* Norman, OXKtA. 


(New York Meeting, February, 1934) 


Tuw subject of reservoir energy and its efficient utilization has been 
well explored in many papers. The present effort, therefore, is limited 
to a summary of existing information combined with an emphasis of the 
probability that the relative importance of controlling factors will change 
with advancing knowledge. Consequently the necessity for flexibility 
in laws and regulations, inherent in the problem, is emphasized. 


DEFINITIONS 


Many terms have been widely used in the literature without having 
been specifically defined. For example, confusion exists in the use of 
“reservoir energy” and ‘gas energy.’”’ The latter is much more limited 
in meaning than the former. Other terms have been variously used. 
Consequently, I shall preface my remarks with definitions of a few of the 
more pertinent terms. 

Reservoir energy is that force or forces, active or potential, that is 
native to the reservoir and has the power to move oil through the reser- 
voir rock, ‘The energy may result from expanding gas, from hydrostatic 
head, from the weight of overburden, or from any other source. Gas 
energy is the expansive power of gas when pressure is reduced. It is 
one type of reservoir energy. 

An oil reservoir is that part of a geologic formation or formations in 
which oil occurs in commercial quantities wholly surrounded by non- 
productive rock. The essence of this definition is effective separation 
rather than remoteness and under it oil reservoirs may be superimposed 
in the same oil pool. Conservation of reservoir energy means primarily 
its maximum use in the production of oil. 

Unit operation is a plan of development and production, which 
embraces an entire oil reservoir under a unity of engineering control. 
It is distinct from unitization, which has to do with arrangements of 


organization and equities to make unit operation possible in areas of 
divided ownership, 


Manuscript received at the office of the Institute Feb. 6, 1934. 
* Geologist and Petroleum Engineer. 
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SouRCE AND OWNERSHIP 


There are three principal sources of reservoir energy as now viewed 
by engineers—the expansion of gas, the pressure of water and the weight 
of overburden. Probably of minor importance are fluid expansion, 
crystallization, earth movements, chemical precipitations, molecular 
rearrangement and perhaps others. The relative importance of these 
forces, both major and minor, is not known definitely. Only in recent 
years has the term “‘reservoir energy” displaced “‘gas energy” in recogni- 
tion of the need for a broader term. The change was made primarily 
to include water drive, recognized as of great importance in many fields. 
More recently engineers and geologists are coming to suspect that an 
actual consolidation of the reservoir rock under the weight of overlying 
beds may be very important. It is also quite possible that we shall come 
to give much greater relative weight to factors now considered as of minor 
consequence. Certain it is that the three major factors now recognized 
have different relative importance in different pools and at different stages 
in the development of the same pool. This argues strongly for care in 
definition and flexibility in rules for control. 

Of the three resources in an oil pool—oil, gas and reservoir energy— 
reservoir energy is set apart by its nature and its origin. In origin, it 
results from forces of compression acting on the entire contents of the 
reservoir. These may have many manifestations but in last analysis 
eravity, operating over a much wider area than the limits of the oil reser- 
voir, is the cause. The existence of reservoir energy depends on the 
continuity of the confining beds, so that puncturing the container at any 
single point affects the whole. As reservoir energy is the force that moves 


' the oil, changing its distribution changes the distribution of the oil. 


Reservoir energy is more a conditioning factor than a recoverable 
resource. Its chief value results from work performed within the reser- 
voir rather than work done at the surface. Such work as it can be made 
to do at the surface can be duplicated at relatively low cost, but no way 
is known to duplicate the work that it can be made to do in recovering oil 
from a natural reservoir. 

The ownership of reservoir energy has received much study and 
discussion,! but the most concise statement available is by Earl Oliver, 
from which the following paragraph is quoted.? 

Oil and gas contained in each owner’s land are physical objects subject to ready 
determination and distribution. Furthermore they have an established legal status. 
Each landowner has long been entitled by law to appropriate portions of them. The 


courts have recognized a type of ownership in relation to them. On the other hand 
this newly recognized propulsive force known as reservoir energy has no such legal 


1 A symposium led by J. B. Umpleby, Trans. A. I. M. E. (1933) 103, 22-33. 
2B. Oliver. Oil & Gas Jnl. (Nov. 19, 1931). 
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status. Neither the legislature nor the courts has yet defined its. own: 

they are, therefore, still free to fix a type of ownership upon this reservoir en t i 
is most beneficial to society. It is not gas. Neither is it oil. Butitisaforcethat 
acts on both of them and may be separated from them. If the owner of gas and the zs 

owner of the oil are each permitted to appropriate their share of the oil and gas under | 
conditions that do not injure others, they have no right to complain even though | 
they are not allowed to exact tribute from others for use of their so-called shares of this 

reservoir energy. This reservoir energy is a force that works within the reservoir but 
_ - should not be taken from it. It is a status to be maintained rather than a product 
7 to be divided. 


Although there are several reasons for separating reservoir energy 
from oil and gas and for recognizing it as the common property of all 
owners in a pool, we must, nevertheless, clearly recognize that in most 

\ pools much of it is stored in the gas—both in gas dissolved in oil and in 
free gas. It is difficult to generalize as to the relative value in moving 
oil of the energy in the free gas as distinct from the energy in the dissolved 
gas. Under reservoir conditions a cubic foot of rock saturated with oil 
will hold around 40 per cent as much gas as the same rock free of oil. 
But in most fields the oil-producing area is more than two and one-half 
times as great as the free-gas area. Hence, it may be safe to conclude 
that in most reservoirs more gas is dissolved in oil than exists in the free 
state. It is certain, moreover, that the greater intimacy of dissolved 
gas with oil makes it more effective than free gas in moving oil through 
the reservoir rock. In reaching the general conclusion that far too little 
weight has been given to the relative volume and potency of dissolved 
gas as compared with free gas as an expulsive agent, the author has 
purposely omitted the effect of dissolved gas in reducing the viscosity of 
oil. This effect is of tremendous importance, but it is a phenomenon 
distinct from energy relationships. : 

It is fundamental that in puncturing an oil reservoir there is a move- 
ment of all fluid and gas therein toward the point of reduced pressure. 
It is also fundamental in oil reservoirs that below some critical point a 
further drop in pressure causes gas to come out of solution. This has 
the dual result of decreasing the effective energy available and (because 
of the lubricating effect of dissolved gas) increasing the need for energy. 
Furthermore, a large amount of oil in any reservoir adheres to the sand 
grains and is not recoverable. Thus, if gas is withdrawn from the gas- 
filled portion of a reservoir, oil migrates into the gas area and a further 
amount is lost to recovery through adhesion. These and many other 
factors argue convincingly for postponing gas production until commer- 
cial oil production has been completed. 

It follows that if we consider reservoir energy as common property 
and make maximum use of it we must provide for the early production of 
oil and require the deferred production of gas. It is fairly certain, 
because of the amount of gas dissolved in oil, that oil pools on the average 
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contain enough gas in excess of that in free-gas areas to more than com- 
_ pensate, under modern practice, for the losses of gas incident to oil pro- 
duction; therefore the requirement of the owner of free gas need be only 


a loss through delayed income and not a loss through diminished resource. 
Fairness requires that the owner of free gas be compensated fully for 
such delayed income and that ultimately there be available to him the 
full amount of gas originally in his property. The analysis to this point 
may be summarized as follows: 

1. An oil reservoir contains three resources—oil, gas and reservoir 
energy. 

2. The oil and/or gas in a tract belong to the owners of the mineral 
rights in that particular tract. 

3. The reservoir energy should be legally recognized as common 
property of all owners of mineral rights in the reservoir. 

4. The commercial extraction of oil should precede the commercial 
extraction of gas. 

5. The owner of free gas should be compensated for deferred income 
and all of his gas ultimately made available to him, but he should not be 
compensated for the use of energy stored in it. 

This analysis may not be fully convincing, but the endeavor has been 
made to present the case for the common ownership of energy as strongly 
as the facts permit. 

Let us, therefore, examine the alternative view; namely, that reservoir 
energy has value because it can be made to do work and therefore should 
be divided. We have seen that not only the gas-filled, but also the oil- 
filled, parts of the reservoir contain gas energy. A unit volume of the 
former contains more gas and hence more gas energy than a unit volume 
of the latter, but we lean to the opinion that the smaller amount, because 
of its more intimate association with the oil, is more effective than the 
larger amount as an expulsive force. How shall we distribute value 
between them? 

We have seen that overburden may be an important energy factor. 
Does the farmer who has sold all his mineral rights still have an equity 
in the underlying oil reservoir because his land continues to exert pressure 
on its contents? How shall we allocate value between this force and the 
expulsive force of gas? 

Water drive is an important factor in most oil pools. Take the Wilcox 
sand as an example. It crops out as the Simpson formation in the 
Arbuckle and Wichita Mountains of Oklahoma and as the St. Peters 
sandstone in Wisconsin. Down from its outcrop it yields artesian wells 
in great numbers. Water moves easily through it and exerts an impor- 
tant pressure around the edge of evéry oil field where it produces. Possi- 
bly in the Seminole pools this hydrostatic head is more important than gas 
pressure in producing oil. Shall we share the energy value of this water 


owners along the outcrop where water enters nthe ieimatiol What of 
the owner of other land beneath which the water moves? How shall we 
allocate energy value between water, overburden, free gas and dissolved 
gas? The already insoluble problem will be further complicated fo 
advances in knowledge raise some of the other factors from minor to 
major importance or reveal new factors. ; 

Of the two alternatives, common ownership of reservoir energy or 
divided ownership, the former is as fully supported by established facts 
and recognized phenomena as is the latter and is infinitely easier of just 
application. Its acceptance would simplify the conservation move- 
ment, greatly increase the extraction of oil and, through reduction of 
necessary costs, benefit all those interested in the petroleum industry 
either as producer or consumer. 


EFFICIENT UTILIZATION 


The efficient utilization of reservoir energy involves many engineering 
factors, such as: spacing of wells, distribution of wells on structure, 
maximum withdrawal from wells with low energy consumption, the 
maintenance of reservoir pressure, careful study and control of the rate of 
withdrawal, and, in general, lengthening the flowing life of wells by care- 
ful selection of methods and equipment. 

The most advantageous spacing of wells is different for different reser- 
voirs and for different parts of the same reservoir. Well spacing involves 
cost factors on the one hand and factors of oil migration on the other. 
Costs may be fairly well determined in advance of development but recov- 
ery factors must be based, in large part, on experience in working with the 
particular reservoir. Recovery factors involve sand thickness, sand 
saturation, the amount of gas both free and dissolved, the consistency 
of the oil, water conditions and size and character of sand grains. From 
a practical standpoint the relative importance of these several factors 
is never the same in different reservoirs. Hence any plan of well spacing 
should be subject to revisions as development proceeds and information 
accumulates. In general, wide spacing should be adopted at the start 
and subsequently reduced in the light of local experience. 

Any plan of distribution of wells should be subject to similar revisions. 
In general, well density should be greatest along the zone about midway 
between edge water and the central gas cap. But in some structures edge 
water is static and others do not have a central gas cap. Moreover, 
there are all gradations between the Bradford field where no edge wells 
have gone to water in 50 years of production, and some of the Mexican 
fields where a well may be flowing oil at the rate of 30,000 bbl. in the 
forenoon and change to an equal amount of water in the afternoon of the 
same day. ‘There are all gradations between a well defined gas cap, as at 
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Hobbs, N. M., and the total absence of a gas cap, as at Seminole, Okla. 
In most fields, however, for instance Oklahoma City and East Texas, 
water encroaches at a moderate rate and is an important factor in 
expelling oil from the reservoir. Gas probably is omnipresent with oil 
and exerts an important expulsive force. Even where there is no area 
of free gas some wells produce more gas with each barrel of oil than others. 
As good operation ealls for the least possible expenditure of gas energy per 
barrel of oil produced this also should be a determining factor in well 
distribution. These variables all argue for flexibility in operation 
schedules. In general, early wells should be located with the idea of 
defining the productive area and determining reservoir characteristics. 
Subsequently, few wells should be drilled in the central gas area and few 
near the water contact. 

Best practice calls for the lowest reasonable expenditure of reservoir 
energy per unit of production. As expanding gas in most fields is an 
important expulsive force the amount of gas accompanying each barrel 
of oil, designated the gas-oil ratio, becomes one measure of efficiency. 
Another measure of efficiency is maintenance of pressure within the 
reservoir. In some fields this is maintained by the encroachment of 
water at the edge of the reservoir and efficiency dictates that oil be 
removed only as fast as water crowds in to take its place. This is 
particularly important because dissolved gas makes oil more fluid and 
hence more easily moved through the minute interstices of the reservoir 
rock. The amount of gas dissolved in oil depends not only on available 
gas but also on existing pressure. Furthermore, gas once premitted to 
come out of solution cannot be replaced, because in the absence of agita- 
tion diffusion is so slow as to be negligible. For these reasons pressure 
maintenance is of transcendent importance. It is particularly note- 
worthy that in the Hobbs field, where the open-flow potential is said to be 
around one million barrels a day, only 33,000 bbl. a day can be produced 
without causing a noticeable drop in pressure. Similarly, in East Texas, 
where stated potential is nearly eight million barrels, the ideal daily 
withdrawal is about 450,000 bbl. I suspect we will find that in most 
if not all fields there is a maximum daily output far below the open-flow 
potential, but still substantial in amount, at which a reservoir can be 
produced to ultimate exhaustion without a noteworthy drop in reservoir 
pressure. The probable reason for this is that water encroaches and 
overburden settles at a definite rate for each situation. It is by no means 
certain, however, that other factors do not enter. Thus, it is not improb- 
able that the maintenance of reservoir pressure may come to be considered 
the all-important measure of efficiency. Should it come to be required 
that reservoir pressure be maintained within definite percentage limits, 
an operator’s only means of increasing daily output would be by introduc- 
ing something into the reservoir as excess oil is removed. The 
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technique for this is well established through represuring a y 
flooding operations. 


Room For INCREASED EFFICIENCY 


It has long been recognized that reservoir energy is exhausted ets ; 
current practices long before the reservoir is drained of oil. Petroleum 
mining at Wietze and Pechelbronn shows that after half a century of 
production, at a time when wells had almost ceased to pay a profit, 
approximately 85 per cent of the original oil remained in the sand. There 
is absolutely no doubt about this percentage because many thousands of 
tons of sand have been mined and have yielded more than 99 per cent of 
this remaining 85 per cent. Core studies and porosity determinations in 
many fields indicate comparable situations in this country. The author 
has several times expressed the belief that on the average recovery does 
not exceed one-quarter of the oil actually in the sand. But, whether the 
correct figure be one-quarter, or one-half, or even three-quarters, there is 
a substantial reward for increased efficiency in the use of reservoir energy. 1 
Much improvement in recovery has been made in recent years through | 
advances in engineering technique and cooperative action, but full 
efficiency cannot be attained until each oil reservoir is developed and 
operated as an indivisible unit, the inherent characteristics of which 
fully determine procedure.* 


CONCLUSIONS 


It'is concluded that to attain maximum efficiency in the use of reservoir 
energy effective recognition must be given to certain fundamental 
concepts. The evidence is conclusive that each oil reservoir should be 
developed and operated as an indivisible unit. The attainment of this 
end will be greatly facilitated if ownership of oil and gas is legally based 
on acreage content, and if reservoir energy is legally recognized as a 
common attribute to be used for the common good and not a resource 
to be divided. Such recognition appears both feasible and just. With 
these basic rights established, a simple and effective approach to the 
conservation problem might be to prohibit the drilling of wildcat wells 
except on unitized blocks, leaving fully to the owners in interest the 
details of unitization; subject, however, to governmental approval of 
the plan. In view of the variable characteristics of oil reservoirs that per- 
meate all phases of the problem, laws and regulations must be sufficiently 
general to permit of wide flexibility in operating procedure. The neces- 
sity of flexibility cannot be too strongly urged. A lack of necessary 
flexibility constitutes the chief danger in regulatory measures. 


* The writer attempted to summarize current ideas on this subject in a paper 
published by the World Petroleum Congress, organized by the Institution of Petro- 
leum Technologists, South Kensington, London, July, 1933. 
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Chapter IV. Production 


oh; Introduction 
By Frank A. Hmrarp,* Fort Worts, TEXAS 


Turoucn the generous cooperation of the authors of the papers in 


this chapter, a great wealth of fundamental data is being made available. 


The same plan of securing and submitting data will be carried forward 


4 next year, with the hope of making a nearer approach to complete presen- 
tation of the data contemplated in the plan. 


‘In order to conserve space, we are printing below such footnotes as 
have general application to Table 1 in the papers in this chapter: 


Foornores To CotuMN HEapINGs 


Table I 


« In areas where both oil and gas are produced, unless gas is marketed outside the field, such areas 
are included in column headed “Oil.” Manufacture of casinghead gasoline and carbon black is inter- 
preted as outside marketing of gas. 

> Production per acre is determined by dividing into the number of barrels of oil the sum of the 
number of acres assigned to “‘Oil’’ plus such number of acres of the total assigned to ‘“‘Oil and gas”’ 
as represents the portion thereof occupied by oil. 

¢ Wells producing both oil and gas are classified as ““Producing oil only”’ unless gas from them is 
marketed off the lease. 

4 W, water; G, gas; A, air. 

« Bottom-hole pressures are preceded by ‘“‘e.” All other figures represent pressures at casinghead 
with well closed. 

1P, paraffin; A, asphalt; M, mixed. 

¢ Cam, Cambrian; Ord, Ordovician; Sil, Silurian; Dev, Devonian; Mis, Mississippian; MisL, Lower 
Mississippian; MisU, Upper Mississippian; Pen, Pennsylvanian; Per, Permian; Tri, Triassic; Jur, 
Jurassic; CreL, Lower Cretaceous; CreU, Upper Cretaceous; Eoc, Eocene; Olig, Oligocene; Mio, 
Miocene; Pli, Pliocene. 

h§, sandstone; SH, sandstone, shaly; Ss, soft sand; H, shale; L, limestone; LS, limestone, sandy; 
C, chalk; A, anhydrite; D, dolomite; Da, arkosic dolomite; GW, granite wash; P, serpentine. 

‘Figures are entered only for fields where the reservoir rock is of pore type. Figures represent ratio 
of pore space to total volume of net reservoir rock expressed in per cent. ‘‘Por”’ indicates that the 
reservoir rock is of pore type but said ratio is not known by the author. “Cav” indicates that the 
reservoir rock is of cavernous type; ‘Fis,’ fissure type. 

+A, anticline; AF, anticline with faulting as important feature; Af, anticline with faulting as minor 
feature; AM, accumulation due to both anticlinal and monoclinal structure; H, strata are horizontal or 
near horizontal; MF, monocline-fault; MU, monocline-unconformity ; ML, monocline-lens; MC, 
monocline with accumulation due to change in character of stratum; MI, monocline with accumulation 
against igneous barrier; MUP, monocline with accumulation due to sealing at outcrop by asphalt; 
D, dome; Ds, salt dome; T, terrace; TF, terrace with faulting as important feature; N, nose; S, syncline. 

k Information will be found in text as indicated by symbols; A, name of author, other than above, 
who has compiled the data on the particular field; C, chemical treatment of wells; G, gas-oil ratios; 
P, proration; U, unit operation; R, references; W, water; O, other information. 


* Consulting Petroleum Geologist and Engineer; Vice-chairman for Production, 


A. I. M. E. Petroleum Division, 1933 and 1934. 
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INTRODUCTION 


INTERPRETATIONS mae’. 


. The following paragraphs from my Circular to Authors, dated July i, Say 
| 1933, will facilitate a proper interpretation of the data presented by the _ 
various authors. 


As to each space in the tabulation, it is either (1) not applicable, (2) the proper 

entry is not determinable, (3) the proper entry is determinable, but not determinable — 
from data available to the author, (4) the proper entry is determinable by the author. 
In spaces not applicable, the author will please draw horizontal lines; in spaces where 
the proper entries are not determinable, the author will please insert x; in spaces where 
the proper entries are determinable but not determinable from data available to the 
author, the author will please insert y; in spaces where the proper entries are deter- 
minable by the author he will, of course, make such entries. Generally, y implies a 
hope that in some future year a definite figure will be available. 

Inability to determine precisely the correct entry for a particular space should not 
lead the author to insert merely y. Contributions of great value may be made by the 
author in many cases where entries are not subject to precise determination. In such 
cases the author should use his good judgment and make the best entry possible under 
the circumstances. For many spaces, the correct entries represent the opinion of the 
author (for example, ‘‘Area Proved’’) and in such cases the entries need not be | 
hedged to such extent as in cases where the quantities are definite yet can be ascer- 
tained only approximately by the author. 

In cases under definite headings but where figures are only approximate, the 
author may use z. For example, if the total production of a field is known to be 
between 1,800,000 and 1,850,000, the author may report 1,8rz,rxrx; or if the produc- 
tion is between 1,850,000 and 1,900,000, the author may report 1,92rz,r22. 

Where a numeral is immediately to the left of 2 or y, such numeral represents the 
nearest known number in that position. 

As to quantity of gas produced from many fields the question will arise as to 
whether the figures should include merely the gas marketed or should include also 
estimates of gas used in operations and gas wasted. Although rough approximations 
may be involved, our figures should represent as nearly as possible the total quantity 
of gas removed from the reservoir. 

While we have not provided a column for showing the thickness of the productive 
zone, generally the difference between average depth to bottoms of productive wells 
and average depth to top of productive zone will represent approximately the average 
thickness of the productive zone. For fields where this is not true because of unusually 
high dips,"or for other reasons, it is suggested that the authors indicate in their texts 
the approximate average thickness of the productive zone. 

The figure representing net thickness of producing rock should correspond to 
the total of the net portions of the producing zone which actually yield oil into the 
drill hole. It is recognized that for some fields the authors can make only rough 
guesses—so rough that figures would be of no value. In such cases the authors should 
enter either x or y, whichever is more appropriate. Production per acre-foot will 
have to be treated, of course, in the same manner for the corresponding fields. 

Please note that the heading ‘“‘ Number of Dry and/or Near-dry Holes”’ is intended 
to cover only such holes as are within the limits of the defined fields. The holes 
entered here will be distributed in Table 2 by counties and by depths. 


Oil and Gas Development in Arkansas 


By B. C. Crart,* Baton Rover, La. 


(New York Meeting, February, 1934) 


On and gas development in Arkansas during the year 1933 has been 
marked by considerable wildcat drilling, considering the overproduction 
prevalent in the oil industry. 

Arkansas showed an increase in drilling operations during 1933. 
There were 45 completions from 10 counties resulting in 7 oil wells and 
38 dry holes, compared with 37 completions resulting in 4 oil wells and 


33 dry holes during 1932. Miller County continued to be the most 


active area, with 18 completions resulting in 3 oil wells and 15 dry holes. 
Extensive exploration around the Miller County field has more definitely 
established the producing limits. It has confirmed the belief that produc- 


TaBLE 1.—Oil and Gas Production in Arkansas 


i] 
a gets Yeats Area Proved, Acres 
3 Field, County to End of 
E ss oil Gas | Total 
1 | Mansfield, Scott, Sebastian 32 0 3,000 3,000 
2, | Massard Prairie, Sebastian ; 30 0 3,000 3,000 
3 | Kibler,! Crawford.......-.+---+22-e0eereees sees sels 19 0 3,100 3,100 
4 | Williams, Crawford........-..+-+++++seeeerr eters 78 16 0 4,000 4,000 
5 | Irma, Nevada........----+-eseeereeee cree rs teees 13 640 0 640 
6 | El Dorado, oti pete SARA OTE ODIO MON Ot EO dt 13 8,1608 0 8,160 
Cian ceded 12 S| tee |. Tea0 
8 , Crawford....... 5 i 
9 | East El Dorado,? Union 12 1,490 0 1,490 
10 | Stephens, Columbia, Ouachita.........0-+++20rereerersseeseess 12 3,010 0 3,010 
11 | Smackover, Ouachita, Union......-.+-+++2ssenrecres essences 12 25,480 0 25,480 
12 | Bradley, Lafayette.........c-- ser ereerecesernesseneessereeees 9 80 0 80 
Aer Wihasbony WNi0M. ocr cricre svn te ee cies Seen seurinie only te eeiemis se 9 2,640 0 2,640 
14| Rainbow City, Union... ..--0--+++ncerreseen rs recuuerenances uf 1,4805 0 1,480 
16 | Mt, Holly, Ouachita. ..... 002.020 sseedher en iseeat esses sete nes 5 90 0 90 
16a Urbana, Unionass.siecenesuigaes oe oes ea etme Sts 4 250 0 250 
Pg eae ore See -* 4 0 3,000 3,000 
18 | Shibley, Crawford.........--++eseeeererserers : .. 4 0 2,560 2,560 
19 | Miller County, Miller............+++sseeeeeerees 2 80 0 80 
Ptah es eictcte nde aah eens cernw'a gpinreon wares Beg h eishe Soe 43,400 22,860 66,260 


1 Includes sec. 10 area or Kibler Extension. 


2 Includes the Woodley pool. ; 
s Becductive acreage of the Nacatoch sand is estimated at 7740 acres, the Ozan 400 acres, and the Tokio 400 acres (figures 


W. C. Spooner). . ’ 
aan ede sae welt Nacatoch sand is estimated at 18,230 acres; the Meakin, 9600; the Graves, 6530, and the Tokio 


125 acres (figures courtesy W. C. Spooner). 
: as ae acreage for the Crain sand is estimated at 1200 acres and the Gregory at 1000 acres (figures courtesy W. C. 


Spooner). 


* Assistant Professor of Petroleum Engineering, Louisiana State University. 
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+ Footnotes to column headings and explanation of symbols are on page 175. 
6 Hstimated total production. 
7 Included with Kibler. 


§ | To End of i 
Z| 1933 1933 
A 
1 5,150°| 30.5, 30 | 
2 5,4448 | 206.5] 310° 
3 74,849 | 971 | 1,188 
4 7 7 mya 
5| 5,002,460 231,000 
6 | 43,967,148 775,895 
7 10,510 | 2,286 
8 7 7 
9| 8,203,982 177,720 
10| 5,101,275 144,305 
11 | 336,054,625 8,892,655 
12 186,705 0 
13 5,982,625 150,345 
14 | 10,232,845 497,225 
15| ‘117,085 0 
16} 1,310,125 484,810 
17 
18 
19| 110,210 105,210 
416,359,085 11,459,165 


8 Included with Massard Prairie. f 
Oil Production 7 
Number of Oil and/or Gas Wells sata ie: Methods at End | Pressure, Lb. per Sq. In. 
: “i 
Atnd of 1088 |g Number of Wells mide wae: : 
: 
ail ire a 
0 End o . © luctive Tnitial 
g| 1s" | E/E es |ee [ee] f] SE] Yom 
5 2 = : EE EF we 83 Flowing | Pumping 1932 | 1933 
o a] f 5 Pe) 4 
E & | 4 [ga/e5 |e6| 24] 34 
a a ee 
1 ol teod: os 9} —_9| 1,553] 1,125-2,010 315 145 
2 9 | 0] of o 48| 48) 1/724] 1296-21180 229-265 | “23 | ‘oe 
3 40 | 0} of o 30|  30| 2/054) 1'310-2'175 220-260 | 46 40 
4 45 | 0] o| 0 45| 45] 2/387] 11510-2375 220-265 | 65 60 
5} 142 | o| of19| 43 43| 1;179| ” 1,15 0 43 2 0 0 
6| 1112 | 0 6| 250 250| 2,177| 2,100-2,550| 0 250 2 0 0 
=2,935 
7 2 | 0 0 9] 9] 2,838) 1,061-2,275 345-690 | 105-1,000|100-950 
-3,066 =1,275 75 
8 ee 0 25] 25] 2,538] 1,668-2,600 330-420 | 80 
9] 180 | 0 4| 71 71| 2,176| 2'175-2/800| 0 71 a 0 0 
10{ 298 | 4 196 196] 2,135] 11500-2,095| 0 196 2 0 0 
1] 3,719 | 2 31 |2,049| | 2,049] 2,109) 2,050 0 | 2,049 |960-1,100 0 0 
9, 10 
12 5 | 0 o| of —_0/2,790| 2,785 2 0 0 
13.|° 9 858 [had 186 186| 25136] 2/100 0 186 z 0 0 
14/ 189 | 0 66 66| 3,120] 2,800-3,016| 0 66 z 0 0 
-3,200 
15 6 | 0 0} o| 0/2813} 2,800 2 0 0 
16 a2 | 4 13 13] 3,560] 3,525 1 12 
17 16 | 0 16] 16) 2972] 2900 270 265 | 200 
18 6 | 0 6| 61.231] 1,150 200 135 | 130 
19 5 | 3 5 5| 2'929| "919 0 5 2 y 0 
6285 | 7 84 | 2,879] 188] 3,067| 2,338 1 | 2,878 ee 


See ; : EST 
® Includes the Meakin sand productive from 2250 to 2300 ft. and the Graves sands productive from 2350 to 2450 ft. 


10 Includes the 2600-ft. or Third sand found from 2550 to 2650 ft. and the Deep sands found from 2700 to 2900 ft. 


«B.C. CRAFT 


Tasue 1.— (Continued) 


aw 


st a Character of Oil Approx. Character of . D + Zone T 
ai Average during 1933 Gas Producing Rock to Bad Serie 


Gravity Approx. 
° ‘ Average 
A.P.L. at 60° F. during 1933 i 
oo 
a 
oo os Dent 
0- : 0 
B.tu. | tine Name | Ages 3 2 & 3 Name Hele, 
2 per ra a | 5 sz Ft. 
g| siggl 8 Cu. | Nr Bs./28) 8 lese 
|: g| #e Pe ica e|2|ee| 2 |3S8 
4 _ 5 Fs 5 . g 3 s 
al @ |S & Ft. E z\32| 2 |\Bes 
{a —- R, faa) ula n |Z 
1 893 0 | Atoka Pen |S] Por| 210 |D 9 | Atoka 2,635 
2 892 0 | Atoka Pen | S| Por|150-90} A 1 | Atoka 3,175 
3 895 0 | Atoka Pen |S] Por| 30-36) A 2 | Atoka 3,002 
4 893 0 | Atoka Pen |S| Por} 30-36] A 16 | Atoka 2,754 
5|16 | 14 |15 2.7 A Nacatoch |CreU|S| Por} 15 | AF 25 | Trinity 3,000 
6 |38 30 |34 1.0 M 1 CreU | S| Por| 25 | Afis 155 | Trinity 3,396 
i 895 0 | Atoka Pen |8| Por bey A 5 | Atoka? 5,597 
8) 893 0 | Atoka Pen |S] Por] 30-36) A 8 | Atoka 3,077 
: a 18 20.5) 2.4 " Nacatoch!2 | CreU |S| Por] 7 | T# 39 | Trinity 3,073 
-30|12-30/29 |2.87-1.63| P Buckrange!3] CreU | S| Por| 15-8 | TF 44 |L. Trinity | 4,502 
A 
11/30 | 15 {21 2.2 M 14 CreU |S|Por| 25 | DS®| 357 | L. Trinity20| 7,255 
12 3 Buckrange | CreU | 8] Por 5 |r 4 | Trinity 3,532 
13 |38 | 28 |33 1.25 M Nacatoch |CreU |S| Por| 33 _ 18 | Trinity 3,509 
14 |35.5| 21.6/29 0.80 iD 15 CreU | S| Por} 16-18} T 113 | L. Trinity | 4,533 
15 Glen Rose!®| CreL | S| Por 7 | ML 14 | Trinity 3,378 
16 |20 19 19.5) 2.1 A L. Trinity | CreL |S} Por} 10 |N 29 | L. Trinity | 4,501 
17 893 0 | Atoka Pen |S|Por} 10 |A 0| Atoka - | 3,235 
18 893 0 | Atoka Pen |S|Por} y |A 2 | Atoka 2,380 
19 |34 | 31.6/32 1.2 M L. Trinity | Crel, |S| Por} 10 | ML 21 | L. Trinity | 4,519 


11 Nacatoch is principal producing rock. Others are Ozan, Meakin, Tokio, “2900-ft. sand.” 
12 One well produces from Tokio. | 

13 Nacatoch also producing, but not important. 

14 Nacatoch, Ozan® and Tokio.1° : 

15 Tokio, 2800-ft., Upper Cret., Crain, Red Series and Gregory. 

16Mt. Hollysand. Z . 

17 Includes dry holes drilled in defining the producing limits of the field. 

18 Lenticularity has localized the oil. 

19 Structure in Louann area is a terrace and fault. Ds refers to Norphlet area. 

20 Abandoned in salt. 


tion would be confined to a very small area due to the lenticular nature 
of the sand. 

Oil production in Arkansas for 1933 was 11,459,165 bbl., a decline of 
8 per cent from that of 1932. The normal decline of the old fields was 
partly offset by increased production at Urbana and Miller County 
fields. Unless unexpected discoveries are made, the production will 
continue to decline during 1934. 
; There is little of importance to be added to the production record of 
4 the north Arkansas gas fields. The combined open flow for this area is 
2 estimated at 375,000,000 cu. ft. Owing to the decline in rock pressure 
; in many fields and a small maximum daily production of 36,300,000 cu. ft., 
4 it is quite reasonable to assume that this area will be rather inactive 
p during 1934. 
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Developments in the California Oil Industry fier they 
1933 


By V. H. WitHetm* anp Harotp W. Mituer,t Los ANGELEs, Cauir. 


(New York Meeting, February, 1934) 


AurHoucs the year 1933 was a period of uncertainty, considerable — 
new development was initiated, with a high percentage of favorable 
results, for owing to financial conditions only projects of merit were : 


proposed and developed. 


Unfavorable marketing conditions caused severe financial losses to : 


refinery and sales departments of nearly all companies during the first 
half of the year. In anticipation of stabilized Government control, 


earnings were generally favorable during the third quarter but failure 


of the Government to take legal action against violators of the proration 
orders, and lack of agreement on a definite plan of curtailment, resulted 
in considerable overproduction and demoralization of the market struc- 
ture during most of the final quarter. However, toward the close of the 
year Government action against violators of the Oil Code had a tendency 
to decrease overproduction materially and give the market a firmer tone. 


As a whole, the price structure of crude oil was maintained at a high - 


level during the year; in fact, at a much higher level than the price of 
refinery products warranted. 


At no time during the year was production within 10,000 bbl. daily 


of the state allotment, overproduction of crude reaching a peak of 
70,000 bbl. on Sept. 7, average daily average for the year being about 
27,000 barrels. 

Numerous plans for equitable curtailment were prepared and tested 
during the year, none of which fully solved the many and intricate prob- 
lems faced by operators who were in most cases willing to curtail if they 
could feel that cooperation was being practiced by their neighbors. 

Outstanding events in California oildom during the period under 
discussion may be classified under the following headings: 


1. New discoveries. 
(a) New development in proven areas. 
(b) Deeper zones in settled pools. 
Unproductive wildcat operations. 
Whipstocking practice and procedure. 
Progress of unit and orderly plans of development. 


Po to 


*Chief Petroleum Engineer, The Texas Co. 
{ Valuation Engineer, The Texas Co. 
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_ 5, Geophysical prospecting. 
6. Improvements in drilling and producing equipment and practice. 
7. Decline and/or increase of 
(a) Oil reserves. 
(b) Gas reserves. 
8. Production and consumption of California motor fuel (gasoline, engine dis- 


 tillate and natural gasoline), also domestic shipments and exports. 


New Discoverizs 
New Development in Proven Areas 


Huntington Beach—The Townsite area of this field experienced a 
major drilling boom after the Vicaroo Oil Co. completed its No. 1 well in 
January for a large producer from a depth of 4500 ft. The drilling of 
this well was precipitated by the discovery that holes could be deflected 
into an undrilled portion of the Townsite pool under state tide lands. 
During the year numerous wells have been completed at depths ranging 
from 4500 to 5000 ft. for as high as 5000 bbl. per day of clean oil. In 
certain instances wells were completed unexpectedly as gassers, with 
initial production of about 40,000,000 cu. ft. per day. However, owing 
to the gas law, which prohibits gas wastage, these wells were either shut 
in or redrilled and the gas zone was cased off. 

Kettleman Hills—North Dome.—A new depth record was established 
by the drilling by the North Kettleman Oil & Gas Co. of Lillis-Welch 
No. 1 to 10,944 ft. with standard rotary equipment. This well was never 
successfully completed as a producer, although it showed some oil and 
gas when tested for shutoff below 9638 ft. The well has experienced 
much mechanical difficulty and is in the process of redrilling. The show- 
ings obtained from this well, during shut-off test, came from Eocene 
formations, which indicates that deeper drilling in the main portion 
of the North dome will result in productive completions below the 
Temblor horizon. 

Development in Kettleman Hills North dome continued at a slow 
rate during the year, drilling being concentrated at the north end of the 
field. Edge-water conditions were encountered in several edge wells 
and clean production was secured after considerable difficulty. New 
wells being drilled on the edge are successfully eliminating edge-water 
sands from productive formations by using formation testers at frequent 
intervals as drilling proceeds. 

A well drilled by Kenda in a high structural position on the north 
plunge isolated and proved productive an additional 600 ft. of formation 
below the usual penetration of 1450 ft. This well bottomed in the 
Kreyenhagen (Oligocene) shale and indications are that at least 2000 ft. 
of formations will be productive on the highest parts of the structure. 

Although development and production has been mainly confined to 
the north end of this structure, with the view of holding the southern 
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portion as a reserve, nevertheless results obtained from producin 


few wells to the south indicate that the pressure has decreased over 


the entire structure. The increasing gas-oil ratios of wells in this field 
also indicate that the drainage radius of producing wells is still increas- 


ing. Knowledge obtained from development in this field throughout : a 


the year tended to reduce the estimate of reserves set up in previous years. 

Mountain View.—This field assumed an aspect of greater importance 
when Dana Hogan finished his Wharton No. 1 well as a commercial 
producer in May, 1933. The existence of an oil field at Mountain View 
was more or less generally recognized in view of exploration work con- 
ducted by the Shell Oil Co. in that area some two or three years ago. 
The Shell Company, after making a discovery, ceased drilling operations 
as a conservation measure. Recently, the Mohawk Oil Co. completed 
its Glendennin No. 1 well from the Chanac formation for 1500 bbl. per 
day of 28.5° gravity clean oil, which proves that this field will be pro- 
ductive both in the Kern River and Miocene horizons. _ The areal extent 
of the field is as yet unknown but should be comparable to Fruitvale, 
which embraces 1220 proved acres. Drilling and producing in this field 
is proceeding under a plan of orderly development, approved by the 
Secretary of the Interior. 

North Belridge—The Ohio Oil Co. was instrumental in proving that 
the very prolific zone penetrated by the Belridge No. 64 well on top of 
the structure between the depths of 7876 to 8000 ft. extended at least 
14 mile down the flanks on the east side of the field when its Bloemer 
No. 1 well flowed 750 bbl. per day of 33° gravity clean oil from between 
the depths of 8415 to 8525 ft. in March, 1983. The completion of this 
edge well indicates that the Wagon Wheel zone will be productive over 
an area of approximately 3700 acres. Like Kettleman Hills, the zone 
has a gas cap on top of the structure but large completions of high- 
gravity oil with a low gas-oil ratio will be possible on the flanks of the 
structure. It is expected by agreement of all operators that a unit plan 
of development will be formulated and placed in operation. 

Richfield.—A limited drilling boom was instigated in the eastern part 
of this field during midyear after Otis Hoyt completed his No. 15 well 
from between the depths of 3724 to 3832 ft. for 600 bbl. per day of 29.5° 
gravity clean oil accompanied by 1,000,000 cu. ft. gas. This production 
was obtained by isolating a small body of productive sand on the edge 
of the structure. Rate of decline has been rapid and some wells have 
failed to find the productive zone even though drilled but a few locations 
from the discovery well. 

Rincon.—An attempt to extend the Rincon field about 2000 ft. farther 
into the ocean was partly successful. Indian Petroleum Corporation 
succeeded in completing its tideland well as a small producer from around 
3450 ft. The steel island on which this well was drilled was an isolated 
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structure about 2800 ft. from the mainland and was one of the interesting 
features of the operation. Recently this well was deepened to 4125 ft. 
-and no showings were encountered below the zone at 3450 ft., to which 


depth it was subsequently plugged. carr 


Deeper Zones in Settled Pools 


Montebello.—After several unsuccessful attempts by the Standard 
Oil Co. and the St. Helens Petroleum Co. to find production in the deeper 
horizons in the western portion of this field, the Universal Oil Co. drilled 
a deep test in the extreme east end of the Montebello anticline, to a 
depth of 7010 ft., and completed it as a commercial producer in August 
for an initial of about 700 bbl. per day of 36° gravity oil together with 
300,000 cu. ft. gas. Production is being derived from the middle Puente 
sandstone, found in this area about 1400 ft. below the top of the Miocene. 
Undoubtedly this productive horizon underlies other fields in the Los 
Angeles Basin, especially Santa Fe Springs, which will serve as an impetus 
to deeper drilling in many of the older fields. The rate of development 
will be slow because a few operators control the acreage in this field. 
An orderly plan of development is being considered for submission to 
the Secretary of the Interior. 

Mount Poso—Deeper drilling in this field proved the productivity 
of a deeper zone, which has been designated as the Lower Vedder. The 
Shell Oil Co. drilled its Vedder No. 6 well to 1825 ft. and, with the Upper 
and Lower Vedder formations open, completed the well for 740 bbl. per 
day of 16.4° gravity clean oil. Wells formerly produced but 50 to 75 ft. 
of what is known as the Upper Vedder zone. Practically a dozen wells 
have been completed in the Lower Vedder during the past year. The 
productive area of the Lower Vedder is considered to be very limited. 

San Miguelito.—Penetrating to a depth of 7926 ft., the Continental 
Oil Co. Grubb No. 2 well added approximately 700 ft. of productive 
measures to those previously uncovered in this field. The well was 
completed from between the depths of 7298 to 7926 ft. for 1200 bbl. per 
day of 30° gravity oil. Development of this pool is progressing very 
slowly, as the Continental Oil Co. controls the entire productive acreage 
of this field. 

~ Unproductive Wildcat Operations.—The Standard Oil Co. drilled a 
well on the Santa Rosa Island, located off the coast of Santa Barbara, 
to a depth of 6287 ft., without obtaining any showings, and this well was 
abandoned in February. A large expenditure was necessary in order to 
carry out this test and the absence of showings greatly discouraged 
those who were instrumental in having the area tested. 

The San Miguel anticline in the Paso Robles district was tested to a 
depth of 5971 ft. by the Shell Oil Co., with negative results. The well 
suspended drilling in barren sands of Vaqueros age and was subsequently 


of which will be quitclaimed. All tests drilled in the Salinas beg a Bis 


date have proved unproductive. 
The Superior Oil Co. has abandoned its Mantes No. 1 well, on he 


southeasterly plunge of the Jacalitos dome in Fresno County. This — 
well was drilled to a depth of 7838 ft. and bottomed in Kreyenhagen 
hard brown shale. During its drilling it penetrated the Jacalitos- 
Etchegoin, and Miocene brown shale and Temblor formations but | 


encountered no showings. The barrenness of the formations penetrated, 
coupled with past failures drilled on the Jacalitos dome, indicates that 
this structure is probably not oil-bearing. 

Whipstocking or Directional Drifting —These methods of drilling wells 
received a great impetus during 1933, more so than in any period of 
oil-land development. Since the conceptions of these methods, it was 
evident that they were both useful and susceptible of abuse. Lately 
these practices are reported to have been greatly abused, for innumerous 
instances wells have been intentionally directed and drilled under neigh- 
boring productive leases when it was discovered that commercial pro- 
duction could not be obtained by drilling a straight hole. Also, old 
abandoned wells, which had gone to water or become nonproductive, 
were opened up and redrilled from near the surface, in order that a 
favorable amount of drift could be obtained to place the bottom of the 
well in productive territory. 

The State of California has instituted a suit against Huntington 
Beach Townsite operators for directing wells, with surface locations 
on the mainland, under other company leases and the ocean bed to tap 
state tideland oil reserves. It is reported that wells have deflected at 
least 1800 ft. distant from their surface locations at a depth of 5000 feet. 

Progress in Unit and Orderly Plans of Development.—Plans for unit 
and orderly plans of development were further formulated and discussed 
during the present year, with the result that three fields have been placed 
under orderly plan of development operations and one under unit plan 
of development operations. The Kettleman Hills Middle dome unit plan 
was approved and became effective Oct. 6. Fields that have submitted 
orderly plans of development that have been approved are San 
Miguelito, Premier and Mountain View. The following fields or pools 
have yet to submit orderly development plans: Belridge (Wagon Wheel), 
Dominion, Alferitz, Agey, Edison, Capitan (Vaqueros), Elwood (Sespe), 
Huasna, Inglewood (Deep), Montebello (Cruz) and Chino. 

Geophysical Prospecting—A considerable amount of prospecting of 
this nature was undertaken by various California operators throughout 
the year. The major portion of this work was accomplished with seismo- 
graph reflection instruments by the Geo-Physical Research Corporation 
and the Geo-Physical Service, Inc. Large tracts of land in the San 
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Joaquin Valley were subjected to exhaustive tests with the result that 
Se many blocks of acreage were leased, and during the year two tests were 
located, which are being drilled, on prospective structures. It is felt 
_ that this method of prospecting will receive added impetus in this state, 
if and when it proves its worthiness. 

Improvements in Drilling and Producing Equipment and Practice.— 
During the past year drilling methods and equipment have advanced 
a considerable degree, as evidenced by the following discussion. 

The most noteworthy development has been the use of directed 

drilling practices, which has attracted a great amount of interest. There 
has been a considerable improvement in the art of preventing drift and 
also causing drift of drill holes. 
_ The practice of running single-shot surveying instruments during 
the drilling of wells, to determine both the inclination and direction of 
drift, has become general. This is especially true in town-lot fields and 
those where the productivity of the sands shows considerable lateral 
variation. For wide drift, the rotary table is usually tilted and the kelly 
inclined on spudding. Variations in direction or inclination in the hole 
are brought about through the use of whipstocks, usually of the remov- 
able type, also by controlling the flexing of the drill pipe and by choice 
of bits and the use of reamers. Holding the course of the hole is accom- 
plished by using long, heavy, stiff collars centered by reamers and by 
controlling the weight on the bit. 

Experiments in drilling point to the desirability of light drilling 
weights and considerably increased rotating speed. Gages indicating 
table speed and drill-stem torque are available and in use where desired 
along with the familiar weight indicators and mud-weighing devices. 

Great progress has been made in methods and devices for excluding 
intermediate water in oil zones. Intermediate waters of low head are 
being rather successfully excluded by a simple cementing under pressure 
method through perforations at the entry point. Multiple cement jobs, 
made by cementing behind blank sections in the perforated string at 
the time it is run, show great promise. This type of operation should 
make available considerable quantities of oil not now commercially 
available in fields where water encroachment is serious. It should also 
ultimately lead to much more economical casing programs than those 
: required by former and present practice. By cementing through per- 
: 

; 


forations in the oil string at points where the shutting off of upper waters 

is now required by a separate string of casing, extra casing could be 
eliminated and the hole could be started with a smaller diameter. 

Coring has been greatly improved by the use of hard facing on core 

bits. Core heads now hold their gage so well that it has become prac- 

ticable to increase the diameter of the core head and barrel. Cutting 

: a thinner annular space has resulted in faster coring and the increased 


he 


size of the core has resulted in improved recovery, which is especially — 
noticeable in the smaller sizes of core heads. THOU Se 

Formation testers are being more generally used, not only (a testing . 
new formations without the necessity of setting casing but also for 
making water shut-off tests. Many companies have standardized on 
them for both purposes. 

Electrical coring is becoming more prominent and is proving to be 
especially valuable in the development of new fields. Resistivity and 
porosity data determined by this means are valuable supple to 
coring data. 

Flush joint casing, with special inserted thread and collared pipe, 
with thin couplings of increased tensile strength, are making possible 
a saving in casing by enabling operators to start with smaller holes and 
run long strings of casing with small clearances between pipe and hole. 

New types of equipment, which have gained considerable usage, 
include hydromatic brakes on draw works, vertical steam drilling engine, 
gun perforator for perforating casing in the hole by discharging a series 
of electrically detonated shells, using hardened steel bullets and an electric 
device for detecting point of entry of water in a flowing well without 
killing the well. Portable, gas-engine-driven drilling machines with 125 
to 150-hp. engines, are being adopted for use in repairing wells, cleaning 
out and for short redrilling jobs, where depth is not too great. Results, 
so far, indicate that great economy is resulting from their use, in such 
cases, and that this type of machine will be more widely adopted. 

In the producing field, perhaps the most notable trend is toward the 
use of multicylinder gas engines for pumping wells. Low first cost and 
operating economy favor this type of power engines over steam engines, 
electric motors or single-cylinder horizontal gas engines. Under curtail- 
ment the somewhat greater down time under gas-engine power is not 
an important objection. 

In spite of the common impression to the contrary, reconditioned 
automobile engines are giving satisfactory service, where the application 
has been carefully planned and the engines sufficiently underloaded. 
Engines designed for this service are coming into the market now, which 
are fundamentally of the tractor type, modified and adapted for station- 
ary use. Some of the improvements include higher compression heads, 
improved gas-air carburetors, forced lubrication, solid-cast combined 
crankcase and base and improvements to increase accessibility. 

In the case of electric power, some research is being done in the 
improvement of power factors, making possible lower power rates. 

Geared or chain-driven pumping units are being adopted by major 
companies for pumping deep wells, not already equipped with some other 
pumping means. Anticipated difficulties in pumping deep wells with 
low fluid levels are proving to be overestimated. Results in pump- 
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TaBLE 1.—Oil and Gas Production in California 


4 z 2 1 a Proved, 
’ Year Years crea 
& Field, County Discovered to Bn a eee 
g 0 il an 
4 f Gase | Gas 
eee Log Angeles Basin Fields 
AipiAlamitos Hyts., Los: Angeles sc scc...qduasce eseacnea@s oa -ce ce peiecses one 1927 7 110 
: Brea Olinda, ne Aone ear, es ae 7 1,410 
ez, Los Angeles 665 
4 | East Coyote, Orange.. 1911 22 2 
5 | West Coyote, Orange... ..| 1906 22 1,8252 
Me eunone On beaCh, Onange!... saadec «+s otitis ss coat ee cae oie wsvacine ce 1920 14 1,845 
Pan MDRIGWOOd PHOR ATES a. pus. tate es ch dace score eee oa cee mae nanan 1924 10 865 
MEPL WRO RNG: D108) AR GCLER oe 8 ie Bot oca, a nioleo's cays bc wienspenie a sere lee 3 sy ae 1928 5 13 
ME OTur Beachy s08 A Nyeles, . v «skeen s sieaoee cis ida oh See Pek ee las oaalne ets 1921 13 1,305 
Bibbs Aripeles—— Salt Lake: Hrs ao caramctes seiafapn oes lara cies aban Sine ees Siar< 5 1890 40 990 
EIDE CRUD DONO LG ATICIEL © «Saxo arsicia hetero cata ait alae 0S SaaS Sie a Veje 8/ ELS 1917 17 1,078 
PEM OMAVEN MALO OS ATIGOIES: . sais cc.« wlaltlere cidie oes sorte ome neSe es vcs ctese.sie ose 1929 4 320 
Dem PRGRORO 08: AUGER coors 0 atu rasJ0%e« n\n! laiphnse 2(8ieiopaencen o/4 0 0/alar'Si36 oiela sents 1927 6 113 
MPMMID ERAGE OST Ec orcs ce oe cs cs eeaaale ci tel Daageie aa ON Pherete aya, aibiuisg o =v HA euteaae te 1919 15 1,278 
in EMEC NLA IOUS TAMEIELOR yas cte acsiale oicis.c-hisbavcmielete se aitic oa calc cpimeis wo saiteue vier 1924 10 310 
Nem |ppanta. de Springs, LostA ngeles.ca chess. ccciaccs cen cabs eacdoeales wosceaae 1919 13) 1,138 
en POMAL USOROL LOS A TEIERE .)....« <ltaie/alaince xievereccitie vis:c's Latolgibte siwioieteleaiers ci es 1926 8 330 
18 | Torrance, Los Angeles... oe 1922 12 3,835 
19 | Whittier, Los Angeles... + 1901 22 575 
Diet oval cos Angeles! Bist. 25. heen sie sicie, casera ae, HoGRt eis.» ophoeiste.s acre My ‘ 18,005 
San Joaquin Valley Fields 
OF libelridea, Wort and SOuth, Mente rece fe eda «2 asians tales site's siaieinme ee 1911 21 2,415 
DMN CORNER ATRASIIO S loyaclets gn a CES Ks = Seiciae eels ice Seles OMY Mob clels aches ave 1887 38 14,669 
Sem Movtee Canvon, Meryes c<.cc5 cee e te sc dosisieins ndash xe as eulstisie's siciea es 1928 0.7 100 
PME HK PUIG PENI = ore icle nao sk cma wile acesatapelett«\6.atd's s neh Se se ape aice geciie ess 1919 15 9,850 
Diss AAO Uy CH Coe ei coe Sr 1928 6 1,220 
Pe SIC ORT HON te IRON ares tei: « ge, AGaa ano. o,<1e eys/o1s1 0/51 6's asstaiere tig/s slelsteets = sz) crates ane 1912 t 3,050 
rm EES OPEL VER IMER  COPI toa ate eter: «ais a ate ees ay ore a) 6) ole. sinietetniey=& Seyepeleyary -be\vial tin oe 1899 34 6,973 
28 | Kettleman Hills North Dome, Kings, Fresno.............20000ee cence eens 1928 5.2 | 17,610 
DOMIN OLEAN NA SGGIS OTC, ANGE: acsarcciarg a carsra.cis o 0,0lsie\e ary o.bis(eleieceiove. + «)eveisiaeev 1931 0.8] 1,280 
SEVMM ENULSAC NIELS TIRES TE Bolts = ate veeecrs oie he ofc ats ageyatetas a0\als atatehe ta 0\a' aipibieloys 6.459 agace tam 1910 22 2,310 
SRE INOE FONE oa doe coin ale Nein bce: ajo,iaiury a1d) ann\a age S\agh '>“Gs/s e's sarees a 1887 36 1,710 
BDV eaNs WEATTOO TT ACEI Te ce x Sia =a: cvo efe chi alain ale oloie.n hein. nied Me ole <3 wie Sale els 1900 34 48,600 
SUMMER OCTET VEO oP ACOIAD sic 6 eaasss.s eis (aatafea std oa PERI Ya/ale 6’=yele SN ape sn c/s Slams 1933 0.6 40 
Sik Wi Roabey ah ee ACE ore SRE tres ee MINS ce IOI CCIE te tes OOS st 1926 i 1,360 
RM OUNG WLOUNERIY: ICON «00 setieSie.x'e ole. arciehils.o\dis o]aiats «sia <fejeth ee sve malate 1927 0.7 901 
ECMO METIS CHEMCOP IT cole cin nie cuales acorm stalStever ats a pinta o's a> ale/alol y¥apoleis «alu Rieter v 1922 11 320 
SUMMED INTITORT HTH OW RECON coor ans ste «Bis silo ici is 6181 8's ci cleo leipiole ales o anaieselauatatare 1926 4 750 
SM HePOlare Wake, KRM ae oc volves cjoimierieis cejcielet v'e «ie rlofe elnie/s aie «lelahe sie (ejniaiee'e 1929 1,900 
39 | Total San Joaquin Valley District......... 2 JOE onion operat) cane ae Yc 112,408 | 2,650 
Coastal District F 
AO Wi Capitan, Santa Barbard. oo. cccccein: .cncecee coerce caer eceiienees colnele sl 1929 4 120 
Wie | EwOOG SANE BOLUGNEs cloicle css cisicin ssninpicece sc cecsciucctcssieces esisjsanie ss 1928 5 400 
AMT TRGOHE VGNUUSU pec a <x ncim <b wre vjnie)v ol ioJoimstine\s 21 2/s\cteinyria s+ v'sinle ip ere vs 21e nieninye 1927 6 350 
43 | San Miguelito, Ventura. .....c0c0cecceneccccerercccccct ters eeeeneetacs 1931 2 200 
AA Wanita BArDATATGTG BOVUGTE sce. cece bons ccs ern cnee nis aeiios nenecenes 1929 4 50 
45 | Santa Maria, Santa Barbara, San Luis Obispo..........2+seeec eee n ene enes 3 3 |. 10,687 
46 | Summerland, Santa Barbara.........0ccecsceecvetterceeceeeecneeecenes 1892 41 120 
Ae Wemihiva AVG, V GNEUTG.. ccc <poets eee cciece cee asineer rate senesenasiensines 1916 17 1,760 
48 | Ventura Newhall Ventura, Los Angeles. .. 4 4 4,685 
49 | Watsonville, San Mateo-Colusa, Sonoma-Humboldt, Santa Clara............. 1886 100 
50 | Goleta, Santa Barbard.........00ceecsee cnet nent eee e eet e eee e seen ees y 5 
51 | Moore Ranch, Santa Barbara,........s0scseeeer er eneeeeee eee n en nneeees 1929 4 180 
52 | Total—Coastal Districts. 2. 1... eee cece reece ence terete tenn ences 18,472 180 
59 | Total—Califormia. . o.oo. cee eee ne eee eee eee eee e ee tees 148,885 | 2,830 


« Footnotes to column headings indicated by letters and explanation of symbo!s are on page 175. 

1 The time elapsed since date of first production. 

2 West Coyote and East Coyote combined. . : . ; } 

8 Fields in Santa Maria Area: Arroyo Grande, San Luis Obispo; 1910; 270 acres, productive zone, 800; Mio; syncline. 
Casmalia, Santa Barbara; 1910; 1130 acres; productive zone, 3500; Mio; anticline. Cat Canyon, Santa Barbara; 1911; 
1187 acres; productive zone, 2800-3500; Pli; anticline. Gato Ridge, Santa Barbara; 1931; 700 acres; productive zone, 1750; 
Mio: anticline. Huasana, San Luis Obispo; 1929; Mio; syncline. Lompoe, Santa Barbara; 1904; 2780 acres; productive 
zone, 2200-4100; Mio; anticline fault. Santa Maria, Santa Barbara; 1901; 4620 acres; productive zone, 1200-1800, 2400- 

, ; Mio; anticline fault. ign ieee 
se Siena sara Newhall Area: Bardsdale, Ventura; 1894; 510 acres. Oli; anticline. Conejo, Ventura; 1898; 95a cres; 
Pli; seepage accumulation. Newhall, Los Angeles, Ventura; 1875; 346 acres. Mio; anticline. Ojai, Ventura; 1885; 430 acres; 
Mio: fault accumulation. Piru, Ventura; 1882; 742 acres; Mio; anticline. Santa Paula, Ventura; 1875; 465 acres; Pli; 
monocline-fault. Shiells Canyon, Ventura; 1911; 260 acres; productive zone 100-3000; Oli; anticline. South Mt., Ventura; 
1916: 720 acres, productive zone 1400-4200; Oli; dome. Sulphur Mt., Ventura; 1927; Mio; dome. Timber Canyon, Ventura; 
1890; Pli; monocline-fault. Tip Top, Ventura; 1918; Pli; faulted anticline. Torrey Canyon, Ventura; 1896; Mio; anticline. 


6 Field abandoned. 


190 DEVELOPMENTS IN TH 


A - Taste 1.— 


Total Oil Production, Bbl. 


I] 
a 
8 | ToEndof | During | During 
Z 1933 1932 1933 
g 4 
4 rs 
1 6 962,020 833,380 | 2,229] 6& 38.4 6 6 8 ry, 
a 2| 146,841,489 | 3,018,125 | 2,964,674} 9,809 /104,124 | 33.5] 65,714] 3,894 | 3,478 10.700 
3| 63,188,447 | 6,823,579 | 6,626,605 | 13,221 | 95,024 | 189 94,667 | 9,892 | 10,940 34.200 
4 2 84,240 579,853 | 2,509 | 2 30.9 2 2 2.4 | 0.040 
5 | 135,383,4612 | 3,132,227 | 3,118,519 | 8,722 | 74,1832 | 322 | 31,5362] 2,0962| 2,445 8.330 
6 | 202,556,445 | 8,016,001 | 13,091,926 | 56,207 |109,787 | 118 | 176,238] 4,529 | 12,333 69.600 
7 | $8,679,063 | 4,869,335 | 4,059,973 | 8,131 |102,519 | 40.5) 70,620 | 2,997 | 1,077 5.920 
8 311,480 | 110,350 460 145 | 23,960 | 18.1 84e 185 0.600 
\ 9 | 502,178,122 | 27,435,553 | 24,798,242 | 58,075 |384,811 | 56.2 | 722,330!| 32,490 | 27,314 | 87.500 
10| 64,267,997 | 394,124] 313,810 899 | 64,917 5.2 y y y y 
11| 93,056,913 | 2,162,530 | 1,933,121} 6,214 | 86,323 | 34.6] 20,699] 367 | 319 1.320 
12 | 24,474,286 | 5,910,926 | 4,059,240] 8,722 | 76,482 | 47.6 | 23,365 | 6,285 | 4,887 15.100 
13] 1,765,225 | 252,609 | —_ 141,791 374 | 15,621 | 34 1,846 164 31 0.324 
14| 71,791,339 | 2,263,699 | 2,467,913 | 8,356 | 56,175 | 38.7 | 65,3431] 2,701 | 3,060 11.500 
15 | 28,337,241 | 1,125,624 | 1,080,247] 3,104 | 91,410 | 40.8] 45,784 | 1,870 | 2,071 6.225 
16 | 370,897,210 | 22,538,036 | 18,271,807 | 38,140 |325,920 | 74.1 | 592,569] 27,462 | 18,659 64.500 


17 65,290,0138 |} 3,560,469 | 3,158,521 7,075 |148,3868 | 124 73,2866 | 2,173 | 3,2946 14.8008 


18 75,188,443 | 2,281,274 | 2,362,719 7,289 | 19,606 15.2 55,080} 1,433 1,343 3.920 i 
19 15,878,130 399,540 404,128 1,051 | 27,605 6.6 36610 77 23 0.216 tal 
20 |1,950,080,304 | 95,840,261 | 90,346,029 | 240,272 |108,308 2,040,29219 | 98,430 | 91,461.4 | 334.795 ' 
21 70,887,7847 | 3,032,876 | 2,867,079 7,306 | 15,0037 69.5 | 28,4277.10) 85447 | 5,8067 19.9007 ; 
22 | 326,701,077 | 3,649,578 | 4,423,512 | 17,098 | 22,272 21.8 97110 279 266 0.975 

23 ts 8 8 1,659 8 66.3 

24 | 128,617,928 | 4,537,461 | 4,487,978 | 10,833 | 13,058 56.5 81,110} 1,986 1,390 4.260 , 
25 5,772,593 | 1,600,801 | 1,672,805 4,342 | 4,732 67.9 

26 9 2,521,556 | 2,340,103 7,116 9 25.1 

27 | 292,532,8329 865,706 869,907 2,311 | 29,1869 2.9 


28 69,326,779 | 21,949,072 | 21,472,041 | 48,418 | 3,937 836 633,289 | 98,967 |104,426 363.000 
29 162,516 10,537 151,979 507 127 | 507 3,270 3,270 19.700 
30 2 297,108 338,794 1,358 U 10.4 7 U 7 7 


31 82,462,421 651,792 651,361 1,874 | 48,224 11.9 
32 | 744,858,938 | 17,929,036 | 17,541,812 | 51,376 | 15,326 24.6 | 262,315!°) 18,335 | 16,804 47.500 


33 233,341 233,341 957 | . 5,834 191 80 80 0.985 
34 14,772,273 2,907,839 | 3,050,826 8,519 | 10,862 72.7 y ll 2.4 y 
35 3,764,8748 928,8148} 1,118,9138 1,854 | 3,7618| 169 

36 2,911,038 187,299 168,918 449 | 9,097 13.2 

af 4,065 80 18.6 0.206 
39 |1,743,004,394 | 61,069,475 | 61,389,369 | 165,977 | 15,506 1,013,52720 |128,202 |132,063 456.526 
40 108,986 3,092 24,621 259 908 37.1. 

41 45,853,988 5,441,626 | 4,918,488 | 138,505 |114,635 288 41,428 4,852 2,478 7.978 
42 5,302,927 628,179 680,471 1,473 | 15,151 52.6 5,579 557 522 1.680 
43 667,055 252,247 390,559 1,073 | 3,335 357 

44 540,451 156,446 249,426 611 | 10,809 47 

45 | 129,774,816 1,080,723 | 1,254,818 5,297 | 12,143 28.6 27,0911°| 1,606 1,612 4.980 
46 3,076,441 39,386 | 31,434 77 | 25,637 1.9 

47 | 142,361,394 | 12,332,853 | 12,576,208 | 31,991 | 80,887 171 522,8011° | 40,318 | 38,963 124.000 
48 51,097,172 1,259,755 | 1,199,997 3,843 | 10,906 8.2 y 2,259 1,868 y 
49 67,618 22,824 21,999 60 676 10 

50 y 0 0 5 y 

51 5,034 941 1,505 5.350 
52 | 378,850,848 | 21,217,131 | 21,848,021 | 58,189 | 20,509 601,933! | 50,5383 | 46,948 143.988 
53 |4,071,935,546 |178,126,867 |173,083,419 | 464,438 | 27,350 3,655,75210 277,165 |270,472.4 | 935.309 


ae eae SONNE eee Se Sets sees. Semen ee ee eh OP. selewlbe pm 
6 Seal Beach and Alamitos Heights combined. 
7 Lost Hills and Belridge combined. 
8 Round Mountain and Coffee Canyon combined, 
® Kern Front and Kern River combined. 
10 Subsequent to 1922. 


Completed 


Average Depth, Ft. 


Bottoms of | To Top of 
Productive | Pro 
| = Wells 


Zone 


ductive 


Oil Production Methods 
at End of 1933 ‘ 


Number of Wells 


Flow- 
ing ing 


Pump- | Gas- 


lift 


11 1200, 2100, 2600, 3200, bottom 3600. 12 2450, 2900, 4000. 


18 2800, 3300, 4200. 


15 Los Angeles, Salt Lake, 
17 3500, 5500. 
203700, 3900, 4120, 4540, 4650, 4740, 4820, 4900. 
212000, 3470, 3600, 4050, 4950, 5: 
224300, 4550, 4870, 5920, 7150. 

26 Shallow zone, 915; deep zone, 5461. 
28 Gas zone, 6070; oil zone, 6675. 
30 Shallow zone, Midway, 1351; deep zone, 


16 1750, 2450, 3550. 


14 2300, 2950, 3300, 5000. 


500, 6240, 6740, 7205. 

23 2700, 3100, 3550. %4 250, bottom 3500. 
27 Bast Coalinga, 2089; West Coalinga, 1614. 
29 Shallow, Lost Hills, 688; deep zone, 1690. 
Midway, 2749; Buena Vista Hills, 3289. 


31 1265, 2730. 323164, 4325. 3% 2500, 2900. *4 5100, 8600. 


19 1900, 2850, 3700. 


650, 1550, 2450, 3650; Los Angeles City field, 475, bottom 1500. 
18 3700, 5420, 6400. 


25 New field, 3994; old field, 4042. 


5,700 4,610 
2,821 iL 292 
4,410 3,750 32 38 
3,615 12 81 
4,191 z 10 15 2 
a5 1,900 51 397 26 
2,410 1,100 201 
5,850 5,750 8 
5,575 u 38 833 164 
1,083 1b 173 
3,219 1,80016 1 178 
6 5,086 uv 183 
5 5,730 18 il 
3 4,149 2,20019 216 
3 5,150 3,70020 76 
1,004 16 132 515 515 5,480 3,30021 4 420 91 
2316 9 25 57 57 5,396 aa 8 37 12 
880 6 8 479 479 3,682 B 479 
290 at 10 162 162 2,082 a4 162 
9,478 138 | 199 798 4,297 4,297 144 3,820 333 
8167 4 197 105 105 a6 il 94 
1,900 8 605 783 783 a7 783 
8 1 25 25 1,649 25 
368 105 192 192 3,026 192 
73 10 2 7 64 64 3,956 64 
9 41 283 283 2,195 283 
3,143 8 1,410 777 777 767 7717 
69 22 6 58 -58 8,222 3s 54 4 
al 1 1 7,880 1 
7 253 130 130 29 130 
546 0 1 161 157 157 1,177 157 
4,295 9| 23 1,439 2,085 2,085 30 2,085 
9 7 1 5 5,900 5 
153 16 9 23 117 117 1,703 117 
658 6 1 26 11 11 1,919 il 
38 34 34 2,716 34 
20 4 1 20 
3 2 3 
11,499 78 56 | 4,297 4,827 4,827 17 4,806 4 
ll 5 7 if 1,450 SL tf 
75 5 1 10 47 47 3,368 3a 2 26 19 
45 1 9 28 28 3,635 bd 16 12 
3 1 1 3 3 7,597 6,470 2 1 
22 ‘i 1 13 13 2,124 2,036 13 
517 5 234 185 185 2,8748 3 185 
322 iL 40 40 400 y 40 
328 8 2 73 187 187 6,451 wu 148 3 36 
1,275 9 30 151 468 468 4 4 468 
27 6 6 1,100 y 6 
y 0 0 0 0 0 
4 1 1 4 4 4,490 4,139 4 
2,629 32 | 42 482 984 4 988 156 765 67 
23,606 248 | 297 | 5,577 | 10,108 8 10,112 317 9,391 404 


Character of | Character of | 

Oil, Approx. | Gas, Approx. 
verage Average 

during 1933 | during 1933 


Gravity APL a4 
g _at 60° F. i s| 
Gal. Gas per Bl3s| 3 
5 M. Cu. Ft. Name Aer | 3 ae| 3 
A —~ e ° 
© a 3 3 | E 
3 roa] 014 nm 
1 A 1.4 | Pieo, Puente Pli, Mio | SH |2,300| AF 
2 A 2.4 Puente Mio SH |2,500| MF, 
3 A 2.0 | Pico Pii___—| SH.|2,000| A 
4 |28 A Pico, Puente Pli, Mio | SH} 800) A 
5 [28 A 1.8 Pico, Puente Pli, Mio | SH |2,000) A 152 
6 |27 A 1.4 Pico, Puente Pli, Mio | SH }1,500| MF 110 
7 |29 A 1.2 co Pli SH !1,200| AF 15 
8 A Ost Puente Mio SH| 700| ML — 59 
q { 9 A 2.8 Pico, Puente Pli, Mio | SH |5,600 |) AF 319 
} 10 A Pico, Puente Pli, Mio | SH|2,000); MF,AF| 101 
11 A 0.9 Pico, Puente Pli, Mio | SH |2,500| AF 29 
12 A 2.5 Pico, Puente Pli, Mio 1,200 | A 31 
13 A Pico Pir oe, SH} 400] AF 20 
14 A 1.2 Pico, Puente Pli, Mio | SH }1,500| A 84 
15 A 2.6 Pico Pli SH }1,200} A 88 
16 A ies Pico, Puente Pli, Mio | SH 3,200) A 103 
17 A merited. Pico, Puente Pli, Mio | SH |2,000 | AF 44 
18 A 2.4 | Pico, Puente Pli, Mio | SH} 400) A 25 
19 A Pico Pli SH |3,000} MF 25 
20 
21 |41] 13 A 0.8 Etchegoin,Temblor,| Pli, Mio,| SH} 800} A 527 | 35) 8,525 259,000 1 
Wagon Wheel Koe 
22 134) 13 A Temblor, Santa | Mio,CreU| SH| 420} MUP, A} 90 4,759 55,000 
Margarita, Jaca- 
litos } 
23 A Vaqueros Mio SH FM % 
24 138) 15 A 1.8 Etchegoin Pli SH} 300) A 21 8,404 222,700 
25 122) 15 A Kern River, Etche- | Pli SH} 500} MF 10 7,725 24,200 
goin 
26 }16) 12 A Kern River, Etche- | Pli, Pli SH} 275| MF 4,664 34,200 
goin 
27 |16) 12 A Kern River Pli SH} 450} MF 32 5,135 14,000 
28 |64| 33 A 1,2 Temblor Mio SH {1,100 | A 12 10,944 |1,439,000 F 
29 A 0.8 | Temblor Mio SH| 300] A 1 9,332 | 40, : 
30 |27) 14 A Etchegoin Pli SH| 300} A 7 5,891 7 . 
81 45} 11 A Htchegoin Pli, Mio | SH} 200] AF 17 6,664 9,200 
32 |28] 11 A 1.7 Etchegoin, Santa | Pli, Mio, |} SH |2,000) MC 153 9,753 | 192,000 
Margarita, Mari-| Mio 
copa 
33 |21) 21 A Kern River, Santa} Pli, Mio | SH} 260} MF 0 8,419 10,000 
Margarita 
34 |16) 15 A Vaqueros Mio SH | 280} MF 38 3,130 48,500 
35 |17| 16 A Vaqueros Mio SH| 480) MF 16 3,763 40,000 
36 123) 22 A Maricopa Mio SH |2,400| A 3 7,154 615 
37 Tulare, Etchegoin | Pli SS |1,600| D 4 4,946 
38 Tulare Mio i] 150| H 0 4,310 ; 
39 Jobe 2,388,415 
40 |43] 19 A Vaqueros, Sespe Mio, Oli A 7 4,071 12,000 
41 |37| 30 A 1:5 Vaqueros, Sespe Mio, Oli AF 21 4 
42 |29] 25 A Pico Pli AF 12 7449 900 
43 |28] 22 A Pico Pli AF 0 10,030 24,800 
44 |19] 19 A Vaqueros Mio MF 32 3,630 700 
45 125] 10 A 2.4 3 52 "96 49,600 
46 19] 12 A Fernando, Vaqueros) Pli, Mio AF 121 
47 |30| 24) | A 1.0 | Pico Pli D 26 8710 | 154,000 
43 [36] 15 PA 1.0 429 "y 9,500 
49 |17| 10 A 30 y 375 
50 : - 
5 1 Vaqueros Mio AF 8 6,912 
52 315,660 
53 3,435,845387 


85 Wagon Wheel. %¢ Cat Canyon, 7199; Santa Maria, 5815. 


37 Including only reserves of pools and sands actually developed or proved: not includi i i i 
known but winch are still undrilled. ; 4 ; ee 
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-V. H. WILHELM AND HAROLD W. MILLER 


‘ing satisfactory volumes and reducing costs have been better than 
_ was expected. 


Metal to metal pumps of increased accuracy of manufacture and of 


improved materials are demonstrating their desirability over older types. 


These are ‘‘pull out liner” pumps, mostly of the inverted type and metal 
tube pumps with ground cast plunger liners. Both types have decreased 
plunger friction, show good fluid delivery and are giving longer service. 

Hydraulically operated pumps have continued to attract the attention 
of both oil operators and equipment designers and warrant the hope of a 
successful oil-well pump of this type in the near future. 


TaBLe 2.—Summary of Drilling Operations in California 
(Figures in body of tabulation represent number of holes.) 


Completed after Jan. 1, 1913 and Prior 


to Jan. 1, 1934 Completed during 1933 illing 
= or 
Dry and/or Near-dry Holes Produce Dry and/or Near-dry Holes eens 
| re} | 188 
{ 
County Total Depths, Ft. a Total Depths, Ft. 
lslolo elololS a lsololololelolelo|s cs) b 
$|5/2/ 5/5 /S/e\Sis/3 az SISESSES SSIs | | 2) 8 
ad | oO]  lo|a|- B'S [alos |jfps|olrlola|S |So 3 
oie 2 fis iF iaiaigies| 4 | a Sieigisiglaleiaicles)4| 2 | 5 
S/sis/sisisissisige| 2] bs Sisisississisisiss| =| 2 | = 
Sale| alslslelolales| & | SF [Glals|epels|rle|Sla7|a| & | aA 
Almeda......... 5] | 1| 0} 0} 0} 0| oj o| o 6 o| of 0} o}-0] of 0} of o| oO} of of} o 
Colusa.......... 31 1] 0] 1] 0} oj o| | o| 0 5 0 o| 0} o| o| of | of | 0} of 0| oO 
Contra Costa....| 7} 0| 0] 0} 0} 0| 0] 0j o| o 7 0 0| 0} 0| oj o| of oo} Of of of} o 
Del Norte....... 1] 0] oO} 0] 0} 0} 0 oj o| o 1 o| 0] o| o| of o| of of of 0| of o| Oo 
Fresno........-- 27} 12 9| 17] 10| 4| 0} 0| o| 1] 80 2| 1| 0| 2| 3] 1] 0] of o| 1 | 10) 20] 7 
11 o| o| o| ol of} oo} of 20 0} o| 0} o| o| of of of | Of} oO} o| oO 
ol 1} of of of o} ool of 15 2} 0) o| 0] Oo 0} of o| of Of} 2] of 2 
1] 96 86] 53/ 17] 5| 4| 1) 0 | 590 11] 5] 1| 4] 2] 1 o| 2] 1) 0 | 27) 18] 8 
g|9)_4|. 4| 31-3] 21°3|--0| 75 3 o| 3| | oj of 2] 0] o| o| 8} of 41 
9|122|176|173| 75|19| 8| 0} 0| 811 4| 1| 3] 4] 3] 2] 2] of o| o| 19] 27 | 14 
3} 1| 2] of 0] 0] o| of o 6 o| 1] of of o| of of of o| 0} 1] Of 
1} o| 1} 1) 1] 0] 0] o| o 4 0 0| 0 of o| of 0} of | O| of 0] oO 
Merced........- 6| o| 2] 1] 0} oj o| 0] o| o 9 0! o| 0} o| of 0] 0] of of O| of of o 
Mano. Abies ai a} o| o| o}| 0} 0} 0] 0] o| o 2 o| 0| o| o| of of of of Of 0} of O| Oo 
Monterey......- 13) Zi Si Bt 2) 1) 0} 4) 0} 0 37 0] 0} O} 0} 0} 0} 0} OF O} OF} O| O 1 
Napa uses 10| 0| 2} of o| of o|o} 0} o| 122 3] o| 2] o| o| of o| o o| o| 5) Oo] 5 
Orange.......-.. 38] 28 34/ Go| 41} 8) 4] 2| 1] 0] 216 11 0] 1) 6| 0 o| of of of of 8] 21} oO 
Riverside........ 23} 7| o| 1] o| o| 0} 0) o| o| 31 1] 0| 0] of o| o| of of o| of 1] of- 0 
Sacramento...... 31 2) oO} OF} OF 0} 0} 0] Oo} O 5 0} 0} 0} 0} 0} 0] 0] 0} O| OF} OF O 0 
San Benito...... 10| 1] 21 o| 2] 0] o| o;o} of 15 o| o| 0] o| of 0} 0] of of O| Of O| oO 
dino..| 23| 4] 6| 3] 1) 0} 0] of o| oj 37 3] 1] 3] o| | of of of o| of} 7] 0} Oo 
oak ena 20| 11) 4| 0| 1} 0] 0) ol 0} o| 36 o| o| 0] 0] 0] 0 0} Oo Of O}| Of oO} oO 
San Luis Obispo. .| 27| 11| 12] 6) 2] 0} 0} 0} o| o| 58 1] 1| 1] of 1] 0] o| o| o| of 4] of 3 
San Mateo...... 16/2 1| of 0] 0] 0] oo} oj 19 o| o| 0) of of o| of of of Of of O| 1 
San Joaquin... 1} 0| of 0] 1{ 0] 0] 0] oO} o 2 o| o| 0] of of o| 0] of of Of of of} 1 
_..| 53] 581 26| 19| 18| 4] o| o! of 1] 179 2| 11 0} o| 4| 1] 0] of 0} of} 8) 5] 6 
Santa Barbara...) 2) "ol 1} a] o| o| of of of o 6 0} 0] Oo} o| 0] of of of | Of} Of 0] oO 
Santa Cruz...... gi i] o| o} 0} 0 oj ol o| o 9 0| 0| 0} o| | 0} of of | Of} Of Of 1 
Rolano™ hatecce 4) 2| 2] of 21 oO] of oO} o| 0; 10 o| 0| Oo} 1] 0} of of of o| Of} 1) Of oO 
Sonoma......... 5| 5} 1] of o| 1] 0] 010) 0} 12 1| 1] 1] 0| of 0] of o| Oo} OF] 3| Of} oO 
islaus....... 7} a} 2] a] of oj of o| oo} of 12 o| 1] 0] o| of of of of of Of} 1] Of} 
See Siders 1] 16/ 0} o| o| 0] 0] Oo} o| o| 17 o| o| 0] o| of of | of | O| Of Of} 3 
Tulare........-- 45| 8| 3] 4| 3/ 0} 0| 0] o| O| 63 a] 0] o| o| 0} 0} of of o| of 2] of 14 
Ventura......... 134] 47| 37| 26] 20] 12] 7} 3] 0] 0} 286 6] 5| 0} 0) 2| 0] 1) o| 0} 0 | 14| 20) 14 
Volote cc Peete o| o| 2] 1] 0| 1) 0] oo} Oo o| o| 0} of 1] of o| of oO} Of} 1] O| 1 
Shasta.........- 1} 0] of 0] Oo} 0] 0 Oj Oo} oO 1 o| 0] o| of o| of o| 0, 0} 0} Of 0} Oo 
i ae 937/4411381/413|334)127|38|20| 5 2 |2,608| 2,606 |42 18|15/17|16| 5| 5| 2| 1| 1 (122| 111 | 69 


power factor, has been | r 
with pressure bombs. — Such studie 
value in many cases, especially those involv 
setting the pump. nt eqs “a9ai wet 
Decline and/or Increase in Oil and fies Reserves.—E 
oil reserves were increased by new development at Mountain 
deep-zone development at Montebello and Mount Poso fields. 
these additions to reserves were insufficient to offset the 178, 083 
of oil produced during the year 1933. wut 
Gas reserves were greatly depleted in all fields and no new gas 
were discovered. The ss sources of natural gas in California eee Ps 


a : 
Barrels — 3 Decrease, 1933 over 1932. 
k Total Barrels | Per 
12-31-32 12-31-33 Bhrrels per Day| Cent 
Crude Production...2 0. os cc oe ene 178,127,794 | 173,083,319 5,044,475 13,820 2.8 
Stocks in Storage: 
Gasoline and engine distillate...... 13,173,000 11,538,000 1,635,000 4,479 | 12.4 tl 
Natural ‘gasoline... .7. 1--c seas aoe 2,419,000 2,204,000 215,000 ; 589 8.9 : 
erosene:..%. 20. Sk. Ie . Bee ee 1,625,000 1,443,000 182,000 499 Tie? o 
Lubricating oils and greases........ 923,000 916,000 7,000 19 0.8 
Gas oil and diesel oil.............. 4,408,000 4,156,000 252,000 690 5.7 u 
Fuel-oil residium and heavy crude..| 96,676,000 89,731,000 6,945,000 19,027 7.2 
All other commodities............. 48,994,000 45,453,000 3,541,000 9,702 v fer 
Total petrolewm.:.... 6. eee we cans 168,218,000 | 155,441,000 | 12,777,000 35,005 7.6 i 
Thousands of Barrels 
Year 1932 Year 1933 
Net supply available to market: 
Gasoline and engine distillate...... 52,216 56,021 3,805,000% | 10,4254 7.282 
Natural gasoline, .... «0 <5 mayne. « 12,977 11,744 1,233,000 3,378 9.50 
PHEMODOSONO ths. che. he, oasis Ab ORIOL « 5,992 5,538 454,000 1,244 7.58 
Lubricating oils and greases........ 1,500 1,597 97,000 2662 6.474 
Gas, oil and diesel oil............. 20,537 20,133 404,000 1,107 1.97 
Fuel oil, residium and heavy crude. . 88,667 85,474 3,193,000 8,748 9.87 
otal petrolerw..n. testator te ta des 181,889 180,507 1,382,000 3,786 0.76 
Indicated market demand 
Gasoline and engine distillate...... 65,506 63,865 1,641,000 4,495 2.51 
Natural ganolimeay soar ont. his oe lae 1,825 1,239 586,000 1,605 | 32.11 
ISQVONONGl An, ches Age: he, deecaees Peta tan cere 5,845 5,970 125,0002 342¢ 2.14¢ 
Lubricating oils and greases........ 1,872 2,063 191,000¢ 5232 | 10,20¢ 
Gas, oil and diesel oil............. 16,368 18,083 1,715,000 4,6992 | 10.48¢ 
Fuel-oil residium and heavy crude. . 78,616 84,435 5,819,000¢ | 15,942¢ 7.40¢ 
All other commodities............. 14,675 14,047 628,000 1,721 4.28 
Total petroleum > au. cya eee 184,707 189,702 4,995,0002 | 13,6854 2.704 
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Kettleman Hills North dome and Middle dome, Belridge, Buttonwillow 
and Ventura Avenue fields, all other fields being in the declining and 
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Fig. 1.—PRoODUCTION AND CONSUMPTION OF MOTOR FUEL IN CALIFORNIA. 


. settled productive stage, where gas production is slightly more than that 


necessary for plant and field use. 


Oil and gas production in California as of Dec. 31, 1933, is set forth 
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Fia 2.—PRODUCTION AND DISPOSITION OF NATURAL GAS IN CALIFORNIA. 


in Table 1, also oil reserves, and a summary of drilling operations in 
California as of the same date appears in Table 2. 
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Fig. 3.—RESULTS OF IMPORTANT EVENTS IN CALIFORNIA OIL INDUS 
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Production and Consumption of California Motor Fuel, Hie—Total 


‘ crude oil production in California during 1933 amounted to 173,083,319 
_ bbl., a decrease of 5,044,475 bbl. over the year 1932. Total petroleum 


stocks in storage totaled 155,441,000 bbl. at the end of the year, as 
compared with 168,218,000 at the close of 1932. This is a decrease of 
12,777,000 barrels. 

Total motor fuel production for 1933 was 2,082,040 bbl., as compared 
with 2,199,286 bbl., or 5.3 per cent decline over 1932, while total motor 
fuel consumption (domestic shipments and exports) amounted to 
2,146,106 bbl. in 1933, which is a decrease of 3.0 per cent over the 
total consumption (2,212,476 bbl.) in 1932. 

Table 3 shows comparative petroleum statistics for California during 
the years 1932 and 1933. 

Fig. 1 graphically depicts motor-fuel production and consumption 
from Jan. 1, 1930 to Jan. 1, 1934, Fig. 2 shows the trend of gas production 
and utilization during the same period and Fig. 3 shows graphically the 
results of important events in the oil industry of the state since 1921. 

Conclusion.—In California, Federal control, which began in Septem- 
ber, terminated more than three years of voluntary curtailment. After 
four months under the new regime, leaders of the Pacific Coast industry 
view the future with more confidence, despite the doubts that assailed 
them prior to the belated but decisive action taken by Federal authorities 
with respect to code violators. Tightening of the crude curtailment 
strings, cutting down of refinery runs to market requirements, contracts 
for millions of barrels of heavy fuel oil for Atlantic seaboard, greatly 
increased demand assured during 1934 for California asphalt for use in 
highway construction under the N.R.A., probable increase in fuel-oil 
trade with Japan, all constitute the nucleus of advantages gained under 
the Federal administration of the industry. With this improved 
outlook, it is the consensus of opinion that under the new regime the inte- 
grated oil companies on the Pacific Coast will experience their long-hoped- 
for return to financial security. It is evident from the state of activity 
manifested toward the end of 1933 that many projects will be carried to 
profitable fruition during the year 1934, with an optimistic mood pre- 
vailing throughout the period. 
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Oil and Gas Development in Colorado 


By C. E. SHornrett,* DENvER, CoLo. 


(New York Meeting, February, 1934) 


Tue most important development in an otherwise colorless year in - 
Colorado oil fields was the completion, late in 1933, of a well on Iles dome 


on the western slope of Colorado, with an initial production of 1100 bbl. 
of oil. No great amount of activity beyond the drilling of necessary 
offset wells is to be expected as a result of the completion of a well of this 
size because the acreage on Iles dome is closely held; there is no pipe line 
outlet other than to the Texas Company’s small refinery at Craig, 24 miles 
distant; and the market for the oil is limited to the demands of sparsely 
settled communities in the high mountains. 

The Iles field is located on a large dome developed in Mancos shale of 
Cretaceous age, and having a closure of approximately 400 ft. The 
structure is highly faulted on the southern end. The first commercial 
oil well on this dome was completed by the Midwest Refining Co. on the 
south side of sec. 22-4N.-92W. Oil of 37° gravity was developed 
in Mancos shale at 2560 ft. and water in the Dakota sandstone at 
2630 ft., but a considerable amount of additional oil was found 
in the shale immediately overlying the Dakota. From 2630 ft., the 
well produced in 16 hr. 750 bbl. of fluid, 33 per cent of which was water. 

Production in the Sundance sand of Jurassic age was found in the 
Midwest Refining Company’s No. 4 Parkinson, in the NE.-SW.-SE. of 
sec, 22-4N.-92W., and completed on the last day of the year 1926, for an 
initial production of 450 bbl. of oil at a total depth of 3242 ft. The well 
completed in 1933 is also a Sundance sand producer and was finished at 
a depth of 3447 ft. It extends the productive area of the field about a 
quarter of a mile east. 

The Iles field is said to have a potential production of 5000 bbl. of 
oil a day from its present wells, but for the past year has been held at 
about 600 bbl. a day. 

The most important test, stratigraphically, ever drilled on the western 
slope of Colorado is the California Company’s No. 1 Raven, NW.-SE. of 
sec. 30-2N.-102W., which had an initial production of 138 bbl. of oil 
of 32° gravity, in the Weber formation (Pennsylvanian) between 5750 to 
6315 ft. It was drilled to 7137 ft., probably near the base of the Weber, 
and then plugged back to 6315 ft. It was shot quite heavily with nitro- 
glycerin, but failed to respond. While the well can hardly be classified 
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-vanian rocks in the area and should lead to the testing of other struc- 


tures in the vicinity in which od icine formations are not so 
deeply buried. 


The Rangely structure is a gentle anticline with approximately 700 ft. 


of closure and embracing between 19,000 and 20,000 acres above the 
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lowest closing contour. The oldest formation Soma in the center of 
the structure is the Mancos shale of Cretaceous age. 

Since the year 1919, the Rangely field has been producing daily 
upwards of 75 bbl. of shale oil of 43° gravity, from shallow horizons 
above the Dakota group. There is no pipe line outlet for the oil, but 
a small skimming plant in the field, operated by the Raven Oil & Refin- 
ing Co., is handling the entire output of the field and is selling locally 
the Beatie produced. 

Prior to 1932, several attempts were made to datas commercial 
oil production in the Dakota sand of Cretaceous age, and in the Morrison 
and Sundance sands of Jurassic age. Two of these tests discovered large 
flows of gas in the Dakota sand, but no oil. The best of these completions 
was the Texas Company’s No. 1 Emerald, SW.14 of sec. 30-2N.-102W., 
which gaged 60,000,000 cu. ft. of gas per day in the top of the Dakota 
sand at 3001 feet. 

One of the really important tests of the year was the Mountain Fuel 
Supply Company’s No. 2 Florence Wilson on Hiawatha dome in Moffat 
County. It was drilled to a depth of 7577 ft. and was out of the Wasatch 
formation of Eocene age, and in the top of the Mesaverde formation of 
Cretaceous age, at 7224 ft. It was then plugged back and completed 
as a small gas well in Wasatch sands at 3023 to 3069 ft., 3335 to 3371 ft., 
and 3676 to 3719 feet. 


TaBLE 1.—Oil and Gas Production in Colorado 


Age, Area Proved, Acres 
Field, County ae 
of 1933 Oil Gas Total 
1 he toga oe a ee ace 2 ee eee ee nS ee oe 4 510 510 
DMO er SHOMIAE «6 tod eile 24s lo oes apleaidos Midna csmbieie ove aay 31 400 400 
3 Floreee Canon 2 City, RR OMONT MR ECan, PRE a Tian ss csseis. ace le Bee 72 9,000 9,000 
API HOTEICIOHING; TUGPUMEN so vo1e cole sels lets o/s ols o n.o ol dsieaigisiaielase o-aleie aivie aia 10 400 400 
5 | Garcia, Las PUN Tiiiate tame on oo Saal RE ciety. ceases > es. BEE 7 640 640 
BuliG@reasewood. |W liam bs kee oe crepe cee oir 0 ale cio natin daniels eaee eine eens 3 200 200 
Palietarniltan (Maltat). Motate. cae sie sche cape -nd «paub-o - are alah 10 400 400 
SI ELInWwATNA PML ORGES. ck alihh cao ages « ouiciece cleisleie o's eines onic ire wicreyes 6 3,180 3,180 
9 | Iles, Mo frat Be ee ee Baie Fe > Ac ne or eIO OEE Icio Dee 9 600 600 
10 Model, Digia A imass)e See = als A RAPT RR atic hohe Seo gs ROR sem» Belg 5 2,000 2,000 
Al | Rangely, Rio Blanco... 2.0. ce esse cs ne cce ene cate cnet eae tices 14 320 320 
PO Pow Crooks, Prout c.g 8 clas sc copie cefly ote oahhliee are mish + 5)> soar ds 9 200 200 
13 | Walden, arc bao riser an cee ee RU SE ea ST 6 320 320 
14 | Wellington, Larimer... 6.0.2. 0225..00es cence ese een eee n cence nee 9 1,000 1,000 
15 FA teal aie ee ae oe eee ata ae alae See lav were ote ale 16,530 2,640 19,170 
a 


- Hiawatha dome, one of six structures in what is aay es e Ver! 
lion Creek gas area, is a northeast-southwest structure ieeeen 


local closure embracing 4400 acres above the lowest closing contour. — nist . 


Wasatch formation outcrops, and it is in this same formation that the 
several gas-bearing sands are found. The crest of the dome is practically 
unfaulted, but several faults are found in the synclines. The field is 
controlled by the Mountain Fuel Supply Co., which has seven completed 
gas wells ranging in initial open-flow capacity of from 1,000,000 to 
65,000,000 cu. ft. per day per well. Rock pressures range from 600 to 
800 lb. per sq. in. In 1929, an outlet for this gas was made when the 
Western Public Service Corporation constructed 330 miles of pipe line 
to Salt Lake, Ogden and other Utah towns. 

_ Despite the fact that exploration work in eastern Colorado, east of 
the Front Range, has so far failed to develop an oil and gas field of 
major proportions, the results of drilling have been sufficiently encourag- 
ing to cause the larger companies to continue geological and geophysical 
prospecting and not only to continue to hold the acreage acquired three 
years ago but also to continue the acquisition of new blocks. In the 
months immediately following the discovery of the Greasewood field 
(1930) approximately one million acres of leases were taken in eastern 
Colorado by a number of companies, only a small proportion of which 
have been released. The total state land, government land, and fee land 
under lease in eastern Colorado is now estimated at 3,000,000 acres. At 
the close of 1933, the State of Colorado has leased for oil and gas prospect- 


TABLE 1.—(Continwed) 


Total Oil Production, Bbl. Average Oil Production, Bbl. ee 
P Daily | po | Per | ooh Maxi- 
gq | To End of | During During eek Acre — Daily | To End} During | During Daily 
3 | 1933 1932 1933 & | to End during | of 1933 | 1932 | 1933 — 
7, Nov., of 19330 | to End Nov: during 
© 1933 1933 - - 1933 
A 1933 
4 
1 300 1 
2 589,000 1,000 0 0 0 8 TEs 
3 | 13,125,000 | 116,989 | 91,343 250 1,458 2.4 
4] 1,953,635 69,099 | 49,870 173 4,884 195 | 16 
5 2,294 274 278 | 0.75 
6| 351,198 | 107,467} 52,198 126 1,756 50 | 47 
7 | 4,731,639 | 238,839 | 2041242 453 | 11,829 | 591 | 37 
8 1,55 
9 | 2,638,799 | 241,803 | 210,032 668 4400 | 220 | 37 oe a To 
10 19 0 o| 0 
11 342,478 28,595 | 29,962 104 1,069 26 
12 1,270,827 101,185 86,949 214 6,354 17 
13 133,319 0 0 0 417 0 
14 | 4,198,771 | 223,737 | 176,223 455 4,199 | 210 | 21 
15 | 29,334,266 | 1,128,714 | 900,819 2,443 1,935 | 1,830 
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ing upwards of 450,000 acres, approximately 85 per cent of which is in 
the plains country east of the mountains. Rentals accruing to the state 
from oil and gas leases amounted to about $65,000 in 1933. 

Development work in northeast Colorado in 1933 was confined to an 
area north and east of the Greasewood field, in the vicinity of the towns 
of Buckingham and New Raymer. Three wells were drilled, of which 
one was a small gas well and the others were failures. 

The gas well, in the SW.-NE.-SE. of sec. 15-7N.-59W., and known 
as No. 1 St. Anthony, was drilled by the Ramsey Petroleum Co. The 
Timpas limestone, of Cretaceous age and an important marker in eastern 
Colorado, was logged at 6165 to 6222 ft. and the top of the so-called 
Muddy sand (the upper member of the Dakota group) at 6687 ft. When 
the well had been carried to a total depth of 6695 ft. and bailed down to 
3200 ft., it cleaned itself with the pressure of the gas developed in this 
sand. From 6695 ft.; it gaged 6,300,000 cu. ft. of gas per day under 
1635 lb. pressure. While blowing open, the gas carried a slight ‘‘mist”’ 
of greenish brown oil vapor. Drilling was resumed and the top of 
the horizon generally classified as Dakota was found at 6758 ft. Oil- 
saturated cores were taken between 6758 and 6761 ft. Casing was run 
to bottom and perforated through the gas horizon and at the bottom of 


TasBLE 1.—(Continued) 


A Oil Production | Pressure, Lb. | Character of Oil, 
Number of Oil and/or Gas Wells D igs Methods at per Sq. In.e | Approx. Average | Character 
Spas End of 1933 during 1933 of Gas, 
ee, 
ei 933 
Durin; Number of Average Gravity uring 1 
1933, | At End of 1933 Wells at End of|A.P.L. at 60° F. 
m= mn 
a | F 
= Z| ela a 
ae = BER é 3 of ke ig 
oo eg aN be 
B/S0/2| 2 eae 2 |Elaslse| » | # 2/2/88 | Se | 25 
Z\|aola| 3B lSe/Se/55] 4 s3|fs S| ah. a \erat A) 8 legis] s& 1S 
g | fo] & sg ga(Ss|S5| = Seo 5 GE l1S/8/8148)8 oF 2 sé 43 
HISt|S8|s P@ECo & |S" EF | & | & |Al/SI/S(S15 Eta a? [5 
1 4 4 4| 2,940} 2,920 600} zx | 250 1,120} 0.9 
2 50} 0: | elo 8 0 ,000) 38.6] P 
3 |1,200) 0 2 105 105 2,200 105 31 ig 
4 15] O| 4 11 11] 4,560) 4,535 11 37 34.8 Pp 
5 14, 1 0 8 8 1,600 25) 12} 11 2 
6 Si-O 1 3 3] 6,680] 6,645} 3 42 | P 
7 12} 0 0 12 12] 3,880) 3,860 12 41 P 
8 8| 1 0 8 8} 1 1 850} y | 650 1,080} 0 
9 23) a 0 18 18] 3,315] 3,295 6 12 35 132 Pe 
10 6} 0 0 6 0} 1,004) 960: 25 | 11 12 Inert? 
11 50} 1 0 t 4 4 600 4 52 |43 ‘3 
12 15] 0 0 15 15 2,600 15 37 (35 12 
13 20 0 2 0} 5,115} 5,110 52 150 P 
14 30) 0 0 22 22! 4,500) 4,480 22 37.4|37 P 
15 | 1,425) 4 8 | 12 | 190, 20 | 210 9 181 


1 oo gas is produced from irregular and lenticular fresh-water sands of Hocene age at various depths from 1500 


fee 
is aro ad helium. At Thatcher, Colo., 11 miles distant, The Helium Company of Louisville, Ky., has a $600,000 plant, 


temporarily shut down, for the extraction of helium from this gas. 
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the string. Cable tools Grarlotinatnltedign 
result that it began flowing oil and water. — g ‘ 
that was produced in any one day was approxima ely 65 . with 
was approximately 80 bbl. of water. The well was finally deepened to °) 
6791 ft., at which depth the water had increased to 390 bbl. a day and 

the oil pad diminished to an almost negligible amount. Early in | 
this well was plugged back to the gas sand and completed. 

The second test drilled by Ramsey Petroleum Co. was on the Scriven © 
farm in the NW. corner of sec. 22-7N.-59W. It was started in August, -, 
1933, and suspended for the winter at 6818 ft. The so-called Muddy ~ 
sand between 6794 and 6818 ft. was dry and did not respond to two light 
shots of nitroglycerin. This well is to be deepened in the spring. 

The joint test of Continental Oil Co., California Co., Centennial 
Plains Oil Co. and the Tulsa-Fort Morgan Oil Co., known as No. 1 
Anthes, and located in the NE. corner of sec. 24-8N.-59W., was also 
a failure. It had the Timpas lime marker from 6056 to 6078 ft.; was 
dry in the so-called Muddy sand at 6523 to 6537 ft.; and dry in the Dakota 
sand at 6623 to 6658 feet. . 

One other failure deserves mention because of its location on the rq 
eastern edge of the deep Denver Basin on the Buick structure. Little 
is definitely known concerning the Buick structure. The surface is 
covered by flat-lying Tertiary beds overlying the Pierre and possibly the 
Fox Hills formations. Detail mapping is difficult if not impossible. 

It has been reported, however, that a pronounced magnetometer high 
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- b Deepest Zone Tested 
Producing Hocks 36 to End of 1933 
we @ 3 B a 2 
4 F < ge Nd 3 va & S| 
= tx <i 3 5 = 2 § BSS Name . 
3 8 $y = 
o a > ze g i=| as 
A 3 a [a a [eee Am 
1 | Hygiene Cre U 8 20 20 A 47 | Lakota (Cre L) 4,031 
2 | Pierre Cre U H Fis MF Morrison (Jur) 3,497 
3 | Pierre Cre U H Fis T,S | 1,193 | Fountain (Pen) 1,875 
4 | Muddy-Dakota Cre U 8 12 25 A 4 | Dakota (Cre U) 4,995 
5 | Benton Cre U H Fis D 5 | Morrison (Jur) 1,392 
6 | Muddy-Dakota, Sundance Cre U Ny) 9 35 A 5 | Lakota (Cre L) 6,913 
7 Cre U, Jur | S,S |18314) 20 D Sundance (Jur) 4,490 
8 | Wasatch : Koc S_ y z D Mesa Verde (Cre U) 7,577 
9 | Mancos, Sundance Cre U, Jur | H, 8 9 20 D 5 | Sundance (Jur) 3,447 
10 | Santa Rosa Tri § 22 44 D Fountain (Pen) 2,000 
11 | Mancos Cre U H Fis A 45 | Weber (Pen 7,178 
12 | Mancos Cre U H Fis A Thaynes® iy 5,310 
13 | Muddy-Dakota Cre U 8(?) x4 AF 2 | Muddy-Dakota 5,115 
14 | Muddy-Dakota Cre U 8 12 20 A 8 | Morrison (Jur) 4,932 
15 1,314 


3 Figures from recovery indicate 20 per cent. 
4 No samples of the formation have been recovered 
This well abandoned in granite. 
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encouraged by these showings to start a rotary test in 1932 in the NW. SE. 
corner of sec. 7-88.-58W., which was dry and was abandoned early in 1933 
at a total depth of 3650 feet. 
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Oil and Gas Development in Illinois in 1933* 


By Aurrep H. Bext,{ Urpana, ILL. 
(New York Meeting, February, 1934) 


ContTINUED low prices and restricted markets for crude oil discouraged 
drilling activity in Illinois oil fields during 1933. Only 36 wells were 
completed in the state, the smallest number since 1904, and of these the 
majority were scattered wildcat wells, only 10 having been drilled in 
producing fields (Table 2). Production was curtailed approximately 
40 per cent for the first half of the year. During July, August, and the 
early part of September there was no restriction on production. On 
Sept. 8, under the “code of fair competition for the petroleum industry,” 
the quota of allowable production for Hlinois was fixed at 12,000 bbl. 
per day. The state’s production in 1933 was 9 per cent less than in 1932. 
What it would have been had there been no curtailment of production and 
if economic conditions had permitted a normal amount of cleaning out and 
repairs to wells, it is not possible to estimate, but it would no doubt have 
been considerably more than the actual figure. No new pools or new 
producing horizons were discovered in’ 1933, but the deepening of a 
Robinson sand well in Crawford County to the McClosky “sand”’ 
horizon (St. Genevieve limestone of the Lower Mississippian) resulted 
in a production of 3 bbl. per day (Fred Patchel, Savilla Shipman No. 5, 
NE. 4, SW. \%, sec. 26, T.6N., R.13W., deepened from 1122 to 1388 ft., 
August, 1933). Considerable parts of the Crawford County field remain 
to be tested to the McClosky horizon, and, owing to the rapid variations 
in porosity within short distances, as shown in the Lawrence County field 
to the south, one test may not be considered as proving or condemning 
any large area. 

The average price of Illinois crude oil in 1933, calculated from the 
posted prices as published in the Oil and Gas Journal and Oil Weekly, was 
$0.862 per barrel. This compares with a calculated average price of 
$1,032 in 1932 and 0.852 in 1931. The total value of Illinois crude oil 
produced in 1933 obtained by multiplying the average price (0.862) by the 
total production (4,227,000 bbl.) was $3,643,674. 

Of the 26 wildcat wells drilled in 1933, only one was drilled on known 
favorable structure. This was the. Walmar Oil Company’s William 
Pepple well No. 1, sec. 12, T.4N., R.12W., Hancock County, which tested 


* Published by permission of M. M. Leighton, Chief, Illinois State Geological 


Survey. 
+ Geologist and Head, Oil and Gas Division, Illinois State Geological Survey. 


205 


206 OIL AND GAS DEVELOPM 


the Warsaw anticline.! The 1A ee is tested. w 

sandstone, and fresh water was found in the “Trenton.” "a he: 

depth was 901 feet. ; 
In the southeastern Illinois field, which has yielded 97 per cent of the | : 

state’s total production to date, only seven wells were drilled. Six 

were oil producers having a total initial production of 32 bbl.; one was a 

gas producer. During 1933 this field produced 90 per cent of the 

state’s total. J 
The southeastern Illinois field has produced 400,000,000 bbl. of oil ; 

and ranks fifth in total production to date in the United States. Avail- ‘i 

, 


able data indicate that probably four-fifths of the original oil is still 
underground, which would mean a total reserve of 1,600,000,000 bbl. 
Undoubtedly a substantial quantity will be recoverable by improved 
methods, possibly as much as 50 per cent of the amount already pro- 
duced, or 200,000,000 bbl. Increasing attention is being given by the 
industry to improved recovery methods. 

On May 12, 1933, the First Annual Petroleum Conference of Illinois, 
sponsored by the Illinois-Indiana Petroleum Association, the Illinois 
State Geological Survey, and the Illinois Chamber of Commerce, was held 
at Robinson. This conference was devoted to the discussion of improved 
recovery methods, including air and gas repressuring, and water-flooding. 
The results of certain studies by the State Geological Survey on these 
subjects have been published, and the preparation of reports for additional 
publications is in progress. 

The existence of natural water drives in certain areas that resulted in 
substantial increases in the rate of production on leases located in the 
path of the advancing flood suggests that artificial water-flooding, such 
as is practiced in the Bradford field, Pennsylvania, may be applicable 
to parts of the southeastern Illinois oil field. However, since previously 
existing statutes required that fresh water be prevented from entering 
oil sands, new legislation was necessary before tests of artificial water- — 
flooding could be made legally. On June 8, 1933, an amendment to the ° 
statute was enacted which permits the injection of water or other fluid 
into an oil sand for the purpose of recovering oil. 

Two actual tests of artificial water-flooding were begun in 1933, one 
in the Carlyle oil field, Clinton County, by the Ohio Oil Co. and the other 
in the main Crawford County field (sec. 12, T.7N., R.14W., Oblong 
Township) by the Tidewater Oil Co. An increased rate of production 
from three wells surrounding the input well has already been noted in the 
latter locality. 

No new repressuring plants were installed in Illinois fields during 
1933, but all of the existing plants continued in operation. As soon as 


1A. H. Bell: Oil Possibilities of the Warsaw Area, Hancock County, Illinois. 
Ill, State Geol. Survey Press Bull. Ser., Ill. Petr. No. 24 (Dec., 1932). 
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economic conditions permit, probably there will be a considerable number 
OF new installations. Compressers are now being installed by the Ohio 
Oil Co. in the Colmar-Plymouth field in McDonough County. 
The figures for production by fields (Table 1) were estimated after 
taking into consideration the state totals as published by the Bureau 
of Mines, unpublished statistics on production by company and by 
county in the files of the Illinois State Geological Survey, for the years 
1914-1926 inclusive, and estimated productions for various fields in 
1932 and 1933 furnished by the Ohio Oil Co. and Illinois Pipe Line Co. 
Some of the data on the Wamac field, Marion, Washington and 
_ Clinton counties, were furnished by Mr. H. A. Wheeler, Petro Oil Co., 
St. Louis, Mo. Data on wells and gas production in theSpanish Needle 
Creek and Gillespie areas were furnished by the Illinois Power and Light 
Corporation, Hillsboro, Ill. The figures given for maximum and mini- 
mum gravity of oil by fields (Table 1) were from a list of gravities by 
leases determined in November, 1925, furnished by the Illinois Pipe 
Line Co., and a weighted average for each field has been estimated. 
There has been a decrease in average gravity of Illinois oil from 33.2° 
A.P.I. in 1925 to 31.7° A.P.I. in 1933. ra 

The great majority of Illinois oil wells have also produced casinghead 
gas and, although the gas pressure is now very low, many wells still 
produce some gas. In the early life of the southeastern Illinois field 
gas was supplied for municipal use to about 20 towns and villages in the 
area, but in recent years the available gas has been used only for power 
on the leases and for making natural-gas gasoline. It is not possible 
now to ascertain accurately the extent of the areas that produced casing- 
head gas, and accordingly the acreage productive of oil only and of oil 
and gas is combined in Table 1. 

The total amount of natural-gas gasoline produced in Illinois to the 
end of 1932 was 118,902,000 gal. (U. S, Bureau of Mines statistics) 
and the average yield was 2.3 gal. per 1000 cu. ft. This gives a total 

- amount of gas treated, to the end of 1932, of 51,800,000,000 cu. ft. and 
compares with a total of 104,586,000,000 cu. ft. of natural gas produced 
in Illinois for the same period. This total is supposed to include gas used 
for power on leases but does not include gas wasted. 

The total production of natural gas in Illinois according to the defini- 
tion adopted in this symposium is not known. 

The number of natural gasoline plants operating in Illinois was 79 
on Jan. 1, 1932, all being of the compression type. (U.S. Bureau of 
Mines Inf. Circ. 6635.) A number of these plants are now shut down or 
; converted into repressuring plants. Approximately 45 are now in 
t operation to produce natural gasoline. 

The oil and gas pools of Illinois are listed in Table 1 in geographical 
: order from north to south, except that the southeastern Illinois field 
is separated from the remainder of the state and appears first. 
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| Warrenton-Borton, Edgar....| 27 | 


| 
2! Westfield (Parker Twp.), evered 
Ws (Clark: Coleg tke ontcfer aia 29 9,000) 
3 850) 
4] 9,000 
5 1,500) 
6| Siggins (Union Twp.), Cum-| ’ i 
Erland, Clark... 2s ond +» 27 3,580) 2 Dye) , 
7 : 3,135 z z r 
8 > 435 shell = phe 
9 855 z] z | = 
10} York, Cumberland........... Ew | z 2% 
11"! Casey; Clark... 0.:eae6- os 27 z Ea a 
12 res cs ary 
13 ie a o 
14 z z z 
15| Martinsville, Clark.......... 26 z z a 
16 . z z Ea 
17 z z =z 
18 0 x Zz zr 
19 0 4 F 3 z 
20 0 zr z £ 
21 ' 0 z z F 3 
22 | North Johnson, Clark........ 26 20 s ze z 
23 1,115) 0 = = zx 
24 160 0 2 z = 
25 820 5 (3 z z 
26 215 0 zr Fo = 
27| South Johnson, Clark........ 26 1,715 65 x z all 
28 185 5 zr zr Ti 
29 295 0 x z Ce 
30 1,675 35 x x x 
31 845 5 ca = x 
32 | Bellair, Crawford, Jasper..... 26 1,300: 5 x z e x 
33 1,165 0 oJ b f 7 _o 
34 315 0 = zx £ F 3 
35 910 0 7 z Ea x 
36 | Clark County Division!...... 19,960} 465} 20,425} 50,000,000 541,000 475,000 1,500 3 
37 | Main, Crauford............. 27 35,135| 515] 35,650 z 2 2 z x 
38 340 E = x x 
39 33,795 515} 34,310 x z E z 
40 ; a FA = = ac; 
41] New Hebron, Crawford....... 24 1,350) 210) 1,460 x cn o 2 
42] Chapman, Crawford.......... 19 1,045}. 515] 1,560 x £ x x 
43 | Parker, Crawford............ 26 1,310 30) 1,340 eq 2 x x 
44 | Allison-Weger, Crawford...... y 1,075 20) 1,095 a tt x x 
45 | Flat Rock,!° Crawford........ y 1,375} 545} 1,820 x x x « 
46 | Birds, Crawford, Lawrence....| x 4,370) 115) 4,485. x x x x 
47 | Crawford Co. Division’... . . 27 45,655) 1,945) 47,600) 136,000,000 | 1,532,000 | 1,471,000 | 4,650 


1 Total of lines 1,2; 6). 10; 13,15, 22.27 098. 

6 Total of lines 37, 41, 42, 43, 44, 45, 46. 

® Includes Kibbie, Oblong, Robinson and Hardinsville. 
10 Includes Swearingen Gas. 
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z ¥ | Area Proved, Acres Total Oil Production, Bbl. 8 
a4 3 ot 
Field, County 2 3 Oil + ee 
Sg| 3 | O1'| Gos | Total | Toad of | During | During ae 
rel 5 Gs 1933 193 1933 ae 
ol az 
48 | Lawrence, Lawrence and Craw- f 
hk Oe eek. Soke 20 24,150) 1,550} 25,700 x z z a 
5,015 35} 5,050 x x x e 
2,240 2,240). z € x z 
135} 1,095) 1,230 z F3 Zi z 
15,690} 220) 15,910 x x x z 
4,815} 200) 5,015 z x z z 
54 3 6,370 0} 6,370 z z z r 
55 | St. Francisville, Lawrence. ... 420 0 420 z y. y 7 
aa eke ae ae Be ee eee 
56 Lawrence County Division’... 24,570} 1,550} 26,120} 214,000,000 1,980,000 | 1,650,000 | 5,250 
57| Allendale, Wabash......-..-- "21 1,660 0| 1,660} 3,500,000+ 240,000+|  220,000+ 604 
58| Total Southeastern Illinois 
Brkt foeee ee eetess > 91,845) 3,960) 95,805 403,500,000 | 4,293,000 3,816,000 | 12,304 
59 | Colmar-Plymouth, McDon- 
ough, FTGRCOCR. 5.05 ss a~ oon 19.5 2,450 0| 2,450 1,800,000 91,200 93,900 257 
60 | Pike County Gas, Pike....... 28 |1920+ 0} 8,960} 8,960 0 0 0 0 
61 | Jacksonville Gas, Morgan... .} 23 30| 1,290] 1,320 2,100 0 0 0 
62 | Carlinville, Macoupin........| 24 |1925+ 30 50 80 x 0 0 0 
63 | Spanish le Creek, 
Macoupin.......----++--- 18 0 80 80 0 0 0 0 
64 | Gillespie (Wyen), Macoupin..| 18 40 0 40 x 1,825 1,095 3 
65 | Gillespie-Benld Gas, Macoupin 10 0 80 80 0 0 0 0 
66 | Staunton, Macoupin.....-..- 17 11919 0| 400 400 0 0 0 0 
67 | Litchfield, Montgomery......- 54 11904 100 0 100 22,000 0 0 0 
68 | Collinsville, Madison........ 24 |1921 - 40 0 40 715 0 0 0 
69 | Ayers Gas, Bintle«.b oe. oes il 0} = 280) 280 0 0 0 0 
70 | Greenville Gas, Bond. -*--5.- 23 |1926+ 0 160 160 0 0 0 0 
71 | Carlyle, Clinton......-.--+-- 22 915 0 915} — 3,200,000+ 23,712 22,427 60 
72,| Frogtown,*Clinton.....--..-- 15 300 300 x 0 0 z 
73 | Sandoval,*Marion.......---- 24 770 0 770| — 2,500,000+ 
74 | Centralia, Marion..........- 23 175 0 175 x we 
75 | Wamac, pecan, Clinton, 66,300+ 59,800+ 160+ 
Washington.......-+++++++ 12 250 0 250 300,000+ 
76 | Dupo, St. Clair 5 670 0 670 733,000 117,000 150,000 400 
77| Waterloo, Monroe........--- 13 11930 125 0 125 166,000 0 0 0 
78 | Sparta Gas, Randolph......-- 45 | « 65| 100 165 x 0 0 0 
79 | Ava-Campbell Hill, Jackson..| 16 70| 370 440 25,000 0 0 0 
80 | Total Illinois!!..........---- 97,875| 15,730) 113,605 412,276,000 4,673,000 4,227,000 | 12,933 


7 Total of lines 48 and 55. & Total of lines 36, 47, 56 and 57. 


11 Total of lines 58 to 79, inclusive. 


TapLe 2.—Summary of Drilling Operations in I Illinois 
(Figures in body of tabulation represent number of holes.) 


Completed Prior to Jan. 1, 1934 Completed during 1933 
Dry and/or Near-dry Holes Dry and/or Near-dry Holes 
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b 


RRRRRIO | le olmo moo twoosooreomes 8ereo Ce 
Te}O], or) xi x 
4100 R oo °& pu 
8 sen Zupnpag| 8888 8 mlolo|ooaoo coooo rSeSsss CSS 
2 oe 
3 ) 288f) pue ReekHA | BIO] mB] CoCCS COSOSOSO COS SSD SSOSSS Oo] => 
Ee a TO Saponporg | 
é = 
=< sex) pue RaAREE IO s Le = So cee ceo iT] DOE Sos ce > a 
ee OR CEN CO) || Sd e> > 
ne ) Sun) oD = a! 
: TO suronporg = coal 
i 3 uMog ynYg RRRRB BR] R|S comoo coooese scooeom HoOSSSoO CO] = 
% Ajiresodura J, ' a 
y ~ ~t — PS CTS 
Se 5 S3’ RBRRBRAR D m oo = oonmocooococe cecefo} EIS Ss 
3 g oa peuopueqy al 
3 
EEE EE EEE ———————E—————— a a 
AS a 
a 
Ss 
te 
o MndodoNn i Ls] > SCOMOm HHOMID ON AN AM390O 1D i—} 
3 esstyo | SERRE S/S |S) S| BBBC™ BNSHY SVENE KERNS © |S 
al Pug. 0} payoydutoy os +| > | S 
. <7 
Soa r=} 
ps . £861 Sump 4 eS 
‘= a Apeq wnurxeyy PRPRPBD2Vo colslooxsoo osoocoo eooSoo oseoo co] = 
Dea) Wa . TT, COON  _ ———T—T—vw_eeow—Oovy.. 
| $e 8 
A) ET ee6T Bung +H : 
B 33 : PAPPRo |] o|] m|ooxroo osoco BOOSS COSCO oO] = 
duu’ a 3 Go 
EE Se6r UM | aaa 2o o| =| cosom oticosoo BOSSS SSoSSo Oo | > 
se x © 
24 i : 
Pst ees jo pugog,| "Beko o|a|oaeaaxt oagee RROOS COSCOH 8/8 
| ' os 
me gl go RRRRR A S|21S6 coo coooe eee as Beis o|o 
: Aped TPM 2d nls 2. Sa 
E861 JO pu +H + Aesth ad 
04 J00}-d10V 0g RBRRHR A 8 1 BO ROOK! oe REN aH SH 
RRARRR 12 SRO wosmwnieecne we 2aewolo 
_ __ a&86T Jo Si|Sie/3 F AQ S*S *SSA°ala 
a hee oe x BA AR a 
; P ola | Co es hana) <i 
Be8es 8/8 [5|S| Sess sssSsB SNcRK SLLKLE 


S we os 7 


Taste 2.—(Continued) 


2 39eS a 
— ou © 
S2ce sen emeocoso omoco 
2 a Ak, 
S 3S 
wt ES 3 encon onocoo 
2 |e = 
3 |p 
3 | Po ‘ “ ooooo cococoo 
3/5/5 000°€-000 
a en 
a|4\38 
m 
a1 2S poo'eot | Oneos Sm sce 
o|\yz (=) 
a|3 
s 
ae ‘ coocon SooSoo 
= 000'T 889T 
ul -_ —_ 
ee en eccoor ownSoS 
Fes k3 20 om on on 
LSEeCe re ion) > 
a Au 
s 
S a OARHR Rabon 
~t pes oO lore} AOo 
° a Ace 
ts B b eat 
g 2 Sons soa Ss = 
Sit uaouyU re} a 
i) 
a p> 
: 3 ss 000‘9-000'¢ | eoSeoS SSooSSo 
3 & g 000‘¢-000' | coeooe SneScS 
3S 
ees, Senmsce sooscs 
=F S$ 8 000‘F-000'E 
—" moomoo HOO tO 
3 3 |= | 000'e-000' 3 
Bis & : Deena Mr DOS 
AiR’) 00's} Lm Bs 22 
+ 
000'T ssey Paes pase 
te SS Mee SER cna 
a Sa ese he 
SE ae Bees: | eee 
tes Ben Gliese ans hr 
ome Se BR) eee es 


Crawford.......- 
Cumberland. ....- 
De Kalb 


Christian 
Clark 
Olay ai 3.:- 
Clinton 
Coles 
Cook 


“ - 
4 pak & é 
SRER RRR OH 


REBE 


RERBEEHH 


BSRRARH 


RHBRR KHHRRRRKR KRHRHHK HHHBHH 


HREABR 


opie ee 


tl ay ecko A AaaS Baratat Saana Sanne 22 a= | |S aze 8 8 8 8 & BIA 
OP Fits) x0 | 
a " RRAR & 8 8 HR BK sa 
: CSS & ASRS wo @ Go a ee SN MS |S bo ot 1p 1m 9 | 10 
mee d a, Cae oe n : At atite 2 i : 5 ae ae Ree 
ny ol Pn} mar rr a RO MA a on Es) S a a a 
Basa 8 ABSsSe SP PPRS oP BP? "Ph BPS oo oS Tes y weed | le 2 eee Gk. ere Ls 
“ —™~ ~— —— ~ — ~ ~~ ~— 
ee Se Se ee Se 
4,» : , oO ~ on a ~ re) Co) wo aos Ce) om w/o 
} > ~ Lad 22> ad nN oO oa 
TINONTUT AY BH QPBR HAPS HRPPW GPRPVRKVPwra Hwwwsw Qaaaw ra Rey SOG Rot) 8! PG rege os 
) o a Nn oe} nN — C=) co oOo i) ++ oO [oO 
& BRBBP CRP MQ HBP MN BRAPSR>s OAR HBaRB>B HY BRBD o Crlk © 8 #8 S S&S H/o 
oO om Gc) oD oo) oD oA oD “oo Go) Oo AN oo | oO 
RH HHSH RHRR HR RHR BHRHKRBHH HRHRHHHR HHBHHK HHBR 8 SRPRR 8 8 8 & & Bl 
RB HRSSR RRR H HRRH HBRHRHSKHKH HHHSHH HHHRHH BHHK 8 BRPREHE 8 H BH BH AB BS 
=a “HH “El 
jenmy| & eu% BRRR HR BRAK RARRRHR HBHHRHHKR HRB HHRAK & Weewrs | Sew Rh PES! 1S 
~~ + = 
a oD _ 
pllOAIOsayy a ‘ss a i) anol, a t 
; UT ae- ie] 12 
4 oqur woroofuy <x =f ma Om g Shem < 
2 YIMV| co oSseo SCoSoSD OS COC SD SSC OSOS SCoeoce Scoooe coco | So esec So Ss Oo ff S&S S&/|c 
Ee WIBED | oc soso SOSSD © oSoeS SeoOSoCOSSD SCSoOSeS Ssooeoco coco —) |ouac oso" Ss" Ss So elo 
at ee 
° NN QRPPQW SRP&mH YF QPPwW PBPBWsBsR SSSBW®W YSRWRW Sass CHRO of 2 |o 
gs Budung| ~ % aS i = S 5 Ss ca 7) Cota eM es & ees ta Sia 
g é Oey ws cs 
4 BUpMO So eeeosco Sooo Ss SoSSeSo SSSeSoSeeS SCOSOSD SCooSoSe Sooo o |ouco eo os cs © oje 
9uoz fo) ot Om o 1D DI~ S09 © td Nod oO mato ror oso SAN O S/B 
Bas i oO SSx 19 Hy HiSS eo) S15 
eayompag | & Res S58 2 88 S8ShS8S S588 S888 S58 saa 52 5 2° 
jo doy, oy, ro) mei baal cal 
SoM 1D ©£se2 2AIS Ed O10 maSaoss SAO H Suaon Coto asscx ©» © 8 S&S © S/]aRa 
= i on IANS eet Or QOD Cin Sid s > 
aarjonpoig AQ oa 55 oO HAD pec hr Pek foc} AS Bnos Rss Sex & 58838 
Jo su10}}0q a pie Se a ao 
eee ee 
' - OID COR SC ANMH WOKnWDRBSOH AMWINS ROD 
gequm yy eur eco S GSSs SShSSRa ARRAS ARARS B85e2| 8 |esee as 384 9 2/5 


5G17, A31, AG21, W1. 


A24, AG20. 
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4G15 


, A24, AG20, W1. 
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2G1, A3, AGI. 
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Tasie 1.—(Continued) 
Oil Production Methods | Pressure, Character of Oil,? 
at End of 1933 | Lb. per Sq. In.¢ | pees ce pre: 
eS eee Approx. 
Nt | Average at Gravit a 
Number of Wells Endof | A. P. at 60° F. cose ae 


Blee Le = 2 
ae SE lye ay hs ~ 25 
—albalet lz) 2 gis] i | ways a | a | elec, | | & 
eg |S BBE E =) 2 2 Pa te @e los/8| 33 | os 
Sigeletsie| 2 -|sl4l 28 | 2 £\2|8< B4|2| 261 3® 
0| 3,438) 0 | 0 Al |650+] 2 z | 39.3 | 26.7) 32.9 2|M x 24 
( 0 z|0|0 x x zt £ x x z\|a x x 
( 0 z|/0|0 x 2 3 z x x | x z= 
51 | 1,345] 1,330} 0 z} 0/0 x a 2 2 x x Ce) & z 
1,430 | 1,400] 0 z|0)|0 600 5 eg x x 2 2} i £ 
1,580 | 1,560} 0 210) 6 650 x x £ = a a | 2 x £ 
5. 1,710 | 1,700 | 0 z}0| 0 x z z x z z z| 2% & z 
55 | 1,865 | 1,843} 0 45) 0| 0 600 @ z | 37.3 | 37.3] 37.3 | 2 x x 
56 3,483 
57 | 1,460] 1,425] 0 355] 0 | 0 G1 x x z | 35.9 | 24.1} 35.1 on ee : 
G19 
58 14,170} 0| 0} A388 x Z z | 39.3 | 20.1] 33.1 y|M]y - 2.4 
AG34 
Wl 
59 468| 447] 0 343) 0 | 0 Zz © x x E 37.3 oy 
60 275| 265] 0 0; 0) 0 2a x x z 
61 330| 335] 0 0;0|0 x x E £ z x zaiy 8938 0.05 
62 398| 380] 0 0; 0)0 135 EA z x a (427.7 fl ae x z 
. 63 | 405} 385] 0 0; 0) 0 y y y y y 
64 670| 650) 0 410|0 z “4 % £ 2 29.2 zy 
65 | 6555) 542) 0 0|;0/)0 155 y y 788 y 
66} 491} 461) 0 0/010 145 z & £ x 
67 674 664 | 0 0; 0; 0 2 x x £ x oe zy iz e 
4 68 | 1,400] 1,305} 0 0/0] 0 x x x z x x z\|z x x 
69 | 945) 940) 0 0}; 0] 0 £ y y £ £ 
70 993| 927] 0 0); 0) 0 2 £ x oq Dry 
71 | 1,055 | 1,035] 0 98| 0) 0 W3 £ x z | 37.0 | 34.2] 35.2 z| 2 
72 957} 950} 0 0|0)0 x z x y y 31.9 2 2 
73 | 1,560) 1,540] 0 40/0] 0 x x x | 35.1 | 32.7] 34.5 Ga 
- 74 | 1,150] 1,130] 0 z| 0) 0 £ x z | 35.0 | 31.0] 32.3 g| 2 
F 75 | 760} 720] 0 60| 0 | 0 7 2 z | 30.8 | 29.38} 30.2 2 | P. 
76 601 551| 0 57| 0} 0 x x x y 32.7 z\e 
4 77 | 460| 410) 0 0; 0/0 £ e z | 30.1 | 29.5] 30.0 2\ 2 
78 857} 850} 0 0; 0) 0 x 2 o: x a & 2 | 2 x x 
e 79| 798| 780] 0 0/0} 0} 13 |e | eho) 2 a| x «| ¢ 
G19 
80 0 | 14,772) 0 | 0} A88 
AG34 x 
q Ww4 


4,1 Footnotes to column headings are on page 175. Following are special definitions of d and J for application to this table. 

dW, water; G, gas; A, air; AG, air-gas mixture. Numbers in this column indicate numbers of injection wells, 

1 All gravities given (except those in parentheses) were from data for the year 1925 furnished by the Illinois Pipe Line 
Co. Gravities in parentheses are for particular samples; see Illinois State Geol. Survey Bull. 54 Table 3. The values have 


been converted from Baumé to A.P.I. gravities. 
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a 
é 
ML 
See below D 
Shallow gas sand Pen 8 Por 36 D 
- 4] Westfield lime, Mis L L | Por,Cav}| <= D 
Trenton Ord L Por 2 D 
See below D 
First Siggins sand Pen i] Por z De- 
Second and Third Siggins sand | Pen s Por z D 
Lower Siggins sand Pen 8 ‘Por Zz D 
10] York sand Pen s Por bee AM 
11 | See below AM. 
12] Upper gas sand Pen § Por 2 AM 
13 | Lower gas sand Pen s Por x AM 
14] Casey sand Pen S- Por 2 AM 
15 | See below D 
16} Shallow sands Pen iS) Por x D 
17 | Casey sand Pen 8 Por z D 
18 | Martinsville “sand” Mis L L Por z D 
19 | Capper Mis L s Por x D 
20 | ‘‘Niagaran”’ Dev L Por = D 
21 | Trenton Ord L Por x D 
22 | See below AM 
23 | Claypool sand Pen s Por x AM 
24 | Shallow Pen s Por x AM. 
25 | Casey Pen 8 Por z AM 
26 | Upper Partlow Pen 8 Por z AM 
27 | See below AM 
28 | Claypool sand Pen § Por ~ AM 
29 | Casey Pen Ss Por x AM 
30 | Upper Partlow Pen s Por x AM 
31 | Lower Partlow Pen Ny} Por eC AM 
32 | See below AM 
33 | ‘500-ft sand” Pen 8 Por i AM 
34 | “800-ft sand” Pen 8 Por 2 AM 
35 | ‘900-ft sand” Mis U iS] Por x AM 
36 j 33+ , Se legge |) on oe oe nn 
37 | See below / > =| ©) 6-1tanes | Seg eee 
88 Shallow sand Pen S | Po | 2 | ML pd wait, =! 5 
39 | Robinson san en Por 25+ ML 16% En 
40 | Oblong Mis or L Por z A, ML 23 ae: T4790 
41 | Robinson sand Pen § Por x ML 5 | L. Miss 2,056 
42 | Robinson sand Pen 8 Por 2 ML 10 Miss 2,279 
43 | Robinson sand Pen 8 Por x ML 10 | Pen? 1,127 
44 | Robinson sand Pen iN} Por x ML 6 Pen 1,041 
45 | Robinson (Flat Rock) Pen 8 Por z ML 8 Pen 1,032 
46 | Robinson sand Pen N] Por 2 ML 12 L. Miss 1,731 
47 | Robinson—Oblong—Shallow | Pen, Mis 8 Por 25+ ML 251 Trenton 4,620 
48 | See below z re 
49 | Bridgeport sand Pen 8 Por 40 " 4 pl Petes oad 
50 | Buchanan Mis U Ny} Por 15 A B) 
51 | “Gas” sand Mis U S Por 15 A 5 
52 | Kirkwood Mis U Ny Por 30 A 10 
53 | Tracy Mis U 8 Por 20 A 11 
54 | McClosky Mis L L Por 10 A 23 
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1,900 


57 | Biehl sand Pen 


AM 43 | Miss. (St. Gen.) .| 2,228 


| Hoing sand, Devonian LS ~ Dev H, LS A 0 | Trenton (Ord) 805 
N Sil L A 0 | St. Peter 893 
61| Gas sand Pen, Mis H,SL ML 8 Trenton 1,390 
 62| Unnamed en g A 0 en 410 
63 | Unnamed Pen 8 D 1 Pen 495 
64 | Unnamed Pen $ ‘ty 9 Trenton 2,560 
65 | Unnamed Pen 8 A 0 en 575 
E 66 | Unnamed Pen § A 0 Trenton 2,371 
67 | Unnamed en 8 D 0 en 681 
68 | Trenton Ord L ML 0 Trenton 1,500 
69 | Unnamed Mis U i] Por A 0 L. Mis 1,150 
70 | Lindley Mis U 8 Por 66 A 0 Mis 1,065 
71 | Carlyle Mis U 8 Por 20 A 17 ‘| Sil 2,620 

: 72| Carlyle Mis U iS) Por i D 0 Carlyle y 962+ 
7 73 | Benoist Mis U 8 Por 20+ D 7 is 1,732 
/ 74| Dykstra, Wilson, Benoist Pen, MisU} § Por 20 D, ML 6 | L. Mis 1,779 
75 | Petro Pen S Por 20 D 0 Benoist 1,484 
76| Trenton Ord L_ | Por, Cav | 50 A 0 Trenton 819 
« 77| Trenton Ord L Por 50 A 19 Trenton 845 
78 | Sparta gas sand Mis U iS) Por 7 D 4 is 985 
79 | Unnamed Mis U 8 Por 18 A y Dev 2,530 


TABLE 2.—(Continued) 


Completed Prior to Jan. 1, 1934 Completed during 1933 
Dry and/or Near-dry Holes | Dry and/or Near-dry Holes 
Produc- Produc- 
Total Depths, Ft. . tive Total Depths, Ft. tive 
County eo a5; el Se ee roms 
(—Y) Kw — 9 ha or Ss S or 
3 g |8isis S S| g | Total Details, 2 | = S Total Details 
= mn | oo oO ee an ee 
selggigig/ |) ft) gf 2] a] fs 
ki alajealaiao} P a oa 
’ 7 1 0)0) 0 0 19 0 0 0 0 0 0 
5 7| 14; 0; 0) 0 0 21 0 0 0 0 0 0 
6] 4) 0; 0) 0 0 18 22 0 0 0 0 0 
Tees OO |)0 0 10 0 0 0 0 0 0 
5] 1; 0) 0) 0 0 7 0 0 0 0 0 0 
8] 3) 0]. 0: |) 0 0 11 0 0 0 0 0 0 
AOR sate =. Set nimlies 0} 1) 0} 0} 0 0 1 4 5 : : : ; 
SSUES Sie SERS wai acre 2 1i] 3} 0} 0| 0 0 16 1 
(he ee 1 14, 1] 2)0]0 0 ie 5 5 4 : 3 
(CTC Berelites eres aes 0 5] 0} 0] 0] 0 0 
Grundy... joc bones ccice neces: 0 41 1| 0} 0/0 0 5 0 0 0 0 0 0 
Homhton.. 2s ieee aa 0 2} 1) 0} 0) 0 0 3 0 0 0 0 0 0 
HanCoekaw Mea chees ask aces 0 3] 0} 0} 0 | 0 0 3 17 1 0 0 1 0 
finiteness ies ante t ses yun 0 1} 0) 0; 0) 0 0 1 0 0 0 0 0 0 
endersOn se te oes sie weiss 0 2) 0} 0; 0] 0 0 2 0 0 0 0 0 0 
13 (ona sonore super CRIES Dest 17| SiO 01" 0} 22 0 0 0 0 0 0 
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The Petroleum Industry in Indiana in 1933 


W. N. Loaan* anp Pav Simpson,{ INDIANAPOLIS, INDIANA 


(New York Meeting, February, 1934) 


THERE was less activity in the petroleum industry in Indiana in 1933. 
than in previous years, owing largely to adverse market conditions. The 
only development of any consequence was for oil in Perry and Vander- 
burgh counties in southwestern Indiana, a few gas wells being brought — 
in in Jay County in northeastern Indiana. Indications are that there 
will be more activity in southwestern Indiana in 1934. Little change 
may be expected in northeastern Indiana. 

One hundred and sixty wells were drilled in Tadiana’ in 1933, of ahiok, 
57 were dry, 44 produced oil, 38 produced gas and 21 either were not 
completed or information on them was lacking. There were 153 wells 
abandoned and plugged in 1933, as compared to 205 in 1932. 


SOUTHWESTERN INDIANA 


This area centers about Gibson County and is the principal source 
of oil and gas production in the state. Production is from the Lower 
Pennsylvanian and Upper Mississippian formations. Oil production 
for 1932 was approximately 847,000 bbl. and for 1933 was 804,000 bbl. 
Gas production for 1933 was 942,000,000 cubic feet. 

The Siosi field, in southwestern Vigo County and northwestern 
Sullivan County, discovered six years ago, produced approximately 


244,000 bbl. in 19382 and 223,000 bbl. in 1933. Production is from _. | 


Devonian and Silurian formations. The oil is high gravity, but contains 
considerable sulfur. 

The Shelburn and other small pools in central Sullivan County pro- 
duced approximately 68,000 bbl. in 1932 and 2,000 bbl. less in 1933. 
Production is from one or more of five horizons in the Pottsville and is 
obtained at 600 to 800 ft. This area also produces approximately 
19,000,000 cu. ft. of gas a year, supplying the city of Sullivan. The field 
is over 20 years old. 

The Gibson-Pike County area, made up of many small pools, includ- 
ing several in southern Knox and southwestern Daviess counties, pro- 
duced approximately 486,000 bbl. in 1932 and 450,000 bbl. in 1933. 
This production is from the Mansfield sandstone of Pennsylvanian and/or 


* State Geologist of Indiana. 
} State Gas Supervisor, Indiana, until February, 1934. 
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er and St. Louis of Mississippian age. Wells range in depth from 
2 to 1800 ft. In 1932 there was 942,700,000 cu. ft. of gas removed 
from this area and 902,000,000 cu. ft. in 19383. The gas production is 
from the same horizons as the oil. Parts of this area have been producing 
commercially for more than 30 years. 
i The Vanderburgh County pool produced approximately 29,000 bbl. 
in 1932 and 67,000 bbl. in 1933. Production is from the Mansfield 
sandstone at around 900 ft. The field was opened early in 1932. 
Three small pools in eastern Spencer and western Perry counties 
produced approximately 34,000 bbl. in 1933 and about 19,000 in 1932. 
Production is from the Chester. Wells range from 330 to 1100 ft. deep. 


NORTHEASTERN INDIANA 


Since the removal of pipe lines from the old Trenton field, it is very 
difficult to obtain production records. Local markets absorb a part of 
the potential supply of both oil and gas, but an estimate of the amount 
would not be accurate. Gas consumption is confined almost entirely 
to the farms near the location of the well and small towns. ‘The ratio 
of wells abandoned and plugged to those drilled exceeds 10 to 1. 

South of the Trenton field proper in Decatur County, considerable 
gas is still being produced from the Trenton at around 920 ft.; 190 wells 
produced 141,000,000 cu. ft. of gas in 1933, and 159,000,000 cu. ft. in 
1932. The gas field in eastern Monroe County still is not marketing . 
any gas. 


DEVELOPMENT AND EXPLORATION DURING 1933 


Very little exploratory or wildcat drilling took place in Indiana during 
the first six or seven months. Most of the operations consisted of 
development of already proven acreage. Several inside locations were 
drilled in the Siosi field in Vigo County. A number of tests have gone 
down in this vicinity and in Sullivan County, searching for another field 
similar to the Siosi. The shallow gas field in northern Knox County 
was extended north and east by several completions, and late in the year 
oil in commercial quantities was found. So far, production here is 
limited to sandstones of Lower Pennsylvanian age, probably in the Brazil 
group. Two disappointing gas tests were made in the old Lyons field 
in Greene County, but from existing information the locations seemed 
poorly advised. Only small flows of gas were obtained in the Devonian 
limestone at about 1800 feet. 

The Francisco gas field in Gibson County was practically delineated 
to the east and south. Competitive property-line drilling, coupled with 
competitive production of gas, have practically ruined the field. Coning 
and rapid water encroachment have resulted in abandonment of many 
| of the wells. There is a chance that production in the “Brown” and 
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may be extended to the south for some ditasioop. oo jet a 
structure holds up in that direction. At present, two wells have be 
deepened to a horizon in the St. Louis limestone, reported as ner cit 
both oil and gas in paying quantities. . 

The Alford gas field in Pike County has been extended north aaa ants —- 
until at present the field is more than three miles long. Production here i 
comes largely from the Brown sand of Lower Chester age, at about 1100ft. 
in depth. Deeper drilling recently has shown encouraging results. Here 
again, faulty operating and drilling technique, poor equipment and © 
unwise offset drilling threaten to shorten greatly the life of the field. 

The Vanderburgh County field, opened in 1932, has been developed 
rapidly, with some 30 completions during the year. The only sand bodies 
found productive, so far, correlate as horizons in the Mansfield or Potts- 
ville sandstone. Average depth is near 900 ft., with a few wells con- 
tinued to lower sands when too light to save or dry. Flush production 
seldom yields 75 bbl. No definite limits have been established for 
the field. . 

Several wildcat wells have been drilled in Perry and Spencer counties, 
but no new fields were discovered during 1933. The Bristow, Rock Hill 
and Troy fields have been extended and their production increased 
because of the establishment of a market for the oil. There will be 
several additional wildcat wells drilled in Spencer County during 1934, 
if one may judge by leasing activities and locations made. 

A revival of activity in southern Harrison County has occurred 
recently. The general productive area around Laconia still supplies 
gas to the pipe line. Leasing and drilling are largely between this area 
and Corydon, to the north. 

There has been more leasing activity in southwestern Indiana in 
early 1934 than for many years. Considerable drilling is being done in 
areas where the structure has been worked out and some drilling in purely 
wildcat areas. Indications are that deeper drilling in some of the produc- 
ing fields may be expected in the future. 


Oil Development and Production of Kansas in 1933 


By Marvin Len,* Wicuita, Kansas 
(New York Meeting, February, 1934) 
Kansas continued holding, for its seventh year, the fourth position 
in the list of oil-producing states. The crude-oil production, accord- 


ing to purchaser’s reports to the State Corporation Commission, was 
40,008,940 bbl.; as assembled by the Oz and Gas Journal, 41,305,768, 


and by the U. S. Bureau of Mines, 41,942,000 barrels. 


Increase of production from 1932 was largely due to greater stability 
of the industry, and increased return of demand for Kansas oil, caused 
by the addition of Federal assistance in national production regulation 
which reduced illegal production, of some areas out of Kansas, that had 
been destructively competing with Kansas crude or its refined products, 
at less than cost of production. 

Prices continued to advance from the lowest level of 25¢ per barrel 
during part of May and June, until by the end of September 36° gravity 
crude had reached $1 per barrel and continued at this price the remainder 
of the year. Price stability, for a period greater than in previous years, 
has brought renewed ‘confidence to those producing oil and has led to- 
renewed interest and increased purchases of Kansas leases. 

Drilling was confined chiefly to the number of wells necessary to 
protect from offset and other drainage in the field and to meet the require- 
ments of expiring lease contracts. 

Drilling costs in Kansas being moderate, as compared to many of the 
deeper areas in Mid-Continent, are an added inducement to exploration. 
The renewal of interest in the search for new fields in Kansas is already 
apparent and 1934 will probably see more wildcatting than for several 
years. This is due both to the expiration of leases on large blocks and 
to actual demand of the industry for new fields. 

Exploration for favorable areas is being actively conducted by the 
various methods of surface, subsurface and core drilling and geophysical 
work. Much of western Kansas cannot be mapped by surface study and 
geophysical exploration has been of considerable assistance and has led 
to a large use of the seismograph. Several companies are conducting 
seismograph surveys and leasing on findings already secured. i 

Development under the more favorable conditions of 1933 can be 
readily seen by the comparison of the following reports for the last weeks 
of December in the respective years. 


* Consulting Petroleum Geologist. 
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Reported locations? /$A0. 0. 2. 1. i, ee 


Reportédtigs .u.4..i5,bes5De aeaeerserere? terns cull 

Wella drilling sfc. ss < Bead chby. hehe bc re cua ken 1 

Wells shut down for titles, 66Ci o.oo 37 

Wells shut dowa fOr CASING .c-. ccm. os alr plete raemesie 3 
- Wells shut down for completion.................-...+-.| 2 


Total active operations in state............-...-.+-+++- 


Number of oil wells completed..................-...... 10 
Number of gas wells completed.......................- 1 
Numiber.or dry-holes:completed pray. sete is ee 5 
Numberor abandoned rigs’. ) team acre. Chae ace m 
Number of abandoned locations......................-. 3 
Total. ce ee ce See ee ne ene eee se ee eee 19 14 


New discoveries in 1933 were less than normal, largely on account 
of general depression conditions and low prices until after the middle 
_of the summer. Only five new areas removed from production and 
classed as new discoveries were the result of wildcatting in the year. 
These were Chase, Gates, Thode, McCann and Brandenstein pools. 
The principal information concerning these is given in Table 3. New 
discoveries were made in Ritz-Canton by development of a shallow gas 
pay at 664 ft. and a new discovery of a pool in sec. 8-20-1W. about 
114 miles southeast of Ritz-Canton, the latter production being the same 
depth as in the field, from the Viola lime. 

Important extensions to Kansas fields, and rather rapid drilling, 
became the important action in fields previously being slowly developed 
and important extensions were. especially noted in Raymond, Haury, 
Chindberg, Hollow and Nikkel areas of western Kansas. Most of the 
extensive development by drilling was in the western fields. The produc- 
tion and new drilling for the year are listed in Table 1. 

Proration, as had been conducted under state law, was limited to 
fields not having 100 per cent outlet. The production from such pools 
was distributed to purchasers on the basis of their nomination to purchase 
and divided among producers in proportion to their ability to supply 
purchasers’ nomination. This condition resulted in many fields having 
100 per cent market, while. others were without outlet for any production. 

Proration, in cooperation with Federal Oil Administrator, has resolved 
into the fixing of an allowable each month for the state, since Sept. 8, 


which has been as follows: September, 111,000 bbl. daily; October, 
116,000; November, 116,000; December, 112,000. 


MARVIN LEE 


The State Corporation Commission, through its Oil and Gas Con- 
servation Division, supervised by the State Oil Umpire, allocates to the 
several pools of Kansas their proportionate part of the state market 
each month. Proration has been applied to all fields, having greater 
than 5-bbl. average. The allowable in percentage is greatest on the 
fields of smaller wells and smallest on the fields of large wells, based on 
the potentials taken under supervision of the Umpire. Practically all 
production in Kansas has pipe line connections. The seasonable demand 
for production in the summer of 1934 is expected to increase Kansas 
allowable considerably above the amount produced in December. 

Acid treatment, to increase production, first began to be used early 
in 1933. Most of the fields of Kansas, especially in the western part 
of the state, have some lime producing horizon, or are producing wholly 
from limestone. The number of wells that have been treated with acid 
is not accurately known, but one chemical company probably treated 
500 wells in 1933 and several others treated smaller numbers, and some 
acid treatment is being done by the producers. An estimate of 2000 acid 
treatments in 1933 is probably low. The results, from immediate 
increase of production in some lime formations, especially Kansas City- 
Lansing lime, series have been extremely satisfactory. Some difference 
of opinion is held as to the ultimate value of acid treatment on total 
recovery. Several wells that were not economically possible to operate 
have been profitably continued in practically all lime producing fields. 
New wells are frequently completed by acid treatment instead of by 
shooting, or by acid treatment following shooting. 

Reports of production of all properties in the state are not obtainable, 
but Table 1 gives the potential at the end of the year, by fields. 


ACKNOWLEDGMENTS 


The writer wishes to acknowledge the cooperation and suggestions 
of Howard 8. Bryant, L. A. Crum, Granville Tierney and Anthony 
Folger in the assembly of this hurriedly prepared report. Any omissions 
or lack of completeness are due to the difficulty of assembling reports 
desired which are not possible to acquire on the older shallow fields of 
eastern Kansas. 


AYO sesuvy-suIsueT 


oun Shoaoryig 


fr 


oun Iddississt~y | O¢g'T 


pues , cexeuyeyg,, 


Thad (Orn 
SUN] ,, SHOOTS ,, 


ues ,, X00 
R: a TM 


tddisstsstpy 
pa oyTAsaTIeg, 
purs o][tasopaeg 


pues oy[tAsopaeg 


FIO 5, 
4 


pues ojtasonseg 
i 


peasy, Aqfeooy] sv oureyy 


jo doy, oy, 


auoz sayonporg 
SOM PAONpoIg : 


Osr's 


es 
of <i 


nos 
OO oD 


Jo SuI0}}0q, 


SDSUDY UL UOYINPOLT SDH puv Y.Q—’ 


m= rind = 


Satan! 


Ad tH 


sul 
Son POTD TEC, 
AquQ sed) 
suronporg 
uMog ynyg 
Ajiiesodura y, 
peuopurqy 
pue Aiq 
e£61 Jo pug |" 
0} poyojdurog 


S861 JO Pua +¥ 


STP Se Jo/pue TO Jo requinyy 


I av, 


£69'ET 
G8F'T 
666 
696'T 
FECL 
cas 


eL8 
PEE 


39°F 


1I9L'TS 
066 
609 
390'F 


spueg ut 
woronporg 


HO T30L 


e861 “oq 
‘jenUE}0g 


asvlIAYy 
Are 


TOs ee SINT P nassny ‘j10d.11e i] 
(SR aM poomuaasy ‘aISUMOT, BASING 
G . I ed uoLog ‘poomun[y 


up fase, es youndpay ‘qZnor0qyseq 


De pce pasenay ‘x9UT IC. 
Bel os poomuaa.y) ‘Japhog-so eyed 
2 Bt ES ss ee yg ‘wo;UACT 
ge [oct uojng ‘uospiaeq 
rig alia aS ie upwbury ‘ureqZurauny 
i ee younbpag ‘ss047) 


Sar foyne,) I) 
ey Maer Bn an = i ues 
Bs |e wossay gop ‘“B10q PUIG) 
i lenin ea ee Digi 
Fea tee ey ee eta Soe 


gg | ouasy *uojaIng 


; 7 
’ 


¢-0 eR ea Hep eto ‘paognng ‘seer 
F8he cr sayng ‘eyeyg-uopier) 
ee) ‘saying “‘qsng xOq 
PPIs. wOLD WY ‘[[eYosI~ -20uaI0],y 


sete eeeree poomusa.y) ‘JosnoyyUe,T 
Cee re det eeeesee fhajnoy ‘ANID Tea 


Hedtee PF yn (Ost) HIT 189M. 


Cin einer i ret saying ‘opeiopTy 
CO eee ete tet etennge sang ‘Bulg 
Porter een e ee enee fiajno) ‘WeUNyseyy 


“"*pouanag’ *(MoqTeYg) sesUEYy yse 
ee daqying ‘ssejsnoq 


SS ae ae U0LD ‘sJ9[[29-4.12A09, 
seen eee ness hanog “Ost AojMoy 


hs aiaia ~-gaffory “ost, LayOR 


Cees awe cece poomuaas) ‘qqoyIng 


Recs aes wisn ROO iano) ‘uaparg, 
a. Ya poomuaaiy ‘SutuMOIg 
ey [occ yuonsyg ‘proyag | 6 
"2 ee sony ‘urysuapueag | § 
2 savy ‘sadag | 7 
Og [ccc wayng ‘woyuag | 9 
OGL Ths. "Sage ee saying “yynog ‘eisndny | ¢ 
te Jang ‘WiJON ‘eysn3ny | + 
Sea woh T-poomuaaiy ‘a2[XIg-09A7¥ | g 
el sean Woupry | Z- 
O79 [ccc ouagy ‘aypadaqay | T 
2 
ae 
Sx 
S Ayunoy ‘platy 
55 
a 


Jequin yy eury 


OUT] SHOOTS 
z 


STN ou] tddisstsst Al 

x 

© 
: : wag pues oyftasopieg 
ued pues ojftasepjzeg 

z 

z 


pro-meg | aunt] ,,SNOBOTS,, 


weg pues zeqeuyayg 
x 


sean Ee 
‘ x 
* AEC -IIG ‘SIAL ouly] UOPUNAT FID» “SST 
Fd 
fen SIAL 32TD,, “SST 
= STI FRU » “SIN 
weg pues ojftAsopseg 
st 3PGO,, “SSN 
weg pues oy[tAsoyjreg 
weg AMO sesuvy-ZulsueT 
ued pues oy[tAsopeg 
z x 
x f ; z 
tPI0 OUT] {BIOTA 
eg pues oyLAsepreg 
STA, uFKD,, aaa 


ia 7. pues * XOOTIM 
pag ‘aeq-ng ‘sy | ‘eu woUNT ITO, SSN 
‘ wed oun] Ay) sesue yy 

Z£ 

z 
St LA’TO,, SST 
weg oTHAsoeg, 
st, I®TQ,, SSN, 


- a 


Zz 
eytasopzeg. 
z APIO, 

z 

x 


x 
ST [IS-pues wozeT | 
ayeI9UI0 °9 uueg 


ie — 


i 


“sjedieq BOF‘019 SEM 


II 


2 000‘000'E S84 EE6T JO pue OF uoonpoid sed [e}OJ, z 
EEGT JO pue 07 uoonpodd [lo [B30 + 
“gz] eded uo are sjoquids jo uoKeuejdxe pue SZuIPeey UUINIOD 0} Sa}0U}00,J > 


Or 


TL 


on 


PN A aes piognig ‘uospreyory 


a> <> GO 


re rt 


3S 


[—) 
~ 


AHO Niro 


ao maoooococ's 
hal 


ao aN 
car con 


Pe is poe anins ofa, BBY 
gmc’ poomuae.s) ‘8029 %T 
iolsiaierasyieys* 4 aon ‘puouLAey 
“Jauung “480 Moqurey 
“**flamog ‘pueg Moqurey 
-poomuaaiy ‘wospoo 44 ‘foun? 
BL sea niskes Wrerti\sieis laying. “WLAIog 
seers saptar “BOOT 

“-uo1p yy ‘Apoqeed 
ee daUUNgy ‘ayjospeg 
ser ais/eleevel ales Jouwng 989\\ P10}XO 
2 A1aUuUng ‘p10jXO 
bigs peters = cin eas Bie ysnaq ‘S10 
aR rice en anv ‘IQ 


eee 0.9 cee cee passnay ‘Sqy9Q 
sisieis sie uosiay Joy ‘hawsny ‘}exIN 
AARP ey Yq ‘PISAMOT, eUTOW] 
RoR airy ear ++ *yassngy ‘18TIN 
sersess ss uoelay gay “mosiey gov] 
seer eee seer teee “ayn TUROOW 


Beceingo” ape spaompy ‘Ayre, 
Pa Os ay poomuaais) ‘MOSIpeyy 


“"uoUuD yy ‘sdidg 4soT 
seas ecgeoncceser “aye M09 
os Ba oo le Nee ance ouung ‘eyyerT 
“poomuaaiy ‘yuoure'y 
Deloss egies syoosy WOYeT 
younbpag ‘oxsny 
‘aids oat see eeesss sonng ‘xOUreISy 
w cvainiaieieeirteiaiele «fein.e Jayng ‘Ae Tq31ey 
bees eowr ences uosiey Joy ‘WOsuYyOr 

*uojDg ‘UIEsy 


SRE cae ein re pcs flan Fy MOTO] 
eet Reisldie ourle sysieitce “fgnoy ‘an itH 


a ee uot yy ‘OL0qSTIIET 
Stones ypomsygy ‘TaxTE 
daymg ‘9449 [28 7 
daying ‘TTqieae yy 
ouagy ‘Aine yy 


ng “eUUe 
* poomuaaiy ‘UO} Ore] 


seseessetessAsnupry *peans[ey 
*poomusaip “Ost POoMMeary) 


Teseeee “younbpagy “qotmmaerr) 


reeeeeessssupnar ‘y7eMmeaTy 

eee ee eee haynoy ‘areyely) 
tess nagenay ‘areyi0r) 
*younbpag ‘ya1Ipoor) 
Ste ute tone tvesieas*} ohappgonan ‘uoepry 


i i iy su ki ‘0ym90T800 K 


91Z re  F “saying ‘sunox T&L 
0Sz See eee ween poomuaasy ‘SUISZT AA OSL 
ye (mm ae eee 2 uospoo “ost TOspooM | 6ZT 
(4 Ca HY Pa Sree wospooy ‘preqasiayutM | 8ZT 
Or An [ie Goceneerr cee faynog) “81, plogaiM | LZT 
g t Oe Whe Ne Se os haynoy “sey ‘plegutA | 9¢1 
TASB rE is UAE op Ne Wins oe eee poomusasy ‘WOSIEHTIM | SET 
. «FID, SEIN ¥ 882 (a “"*dauung “aozsurTeM | $ZT 
7 gO» 9% Fane (43 DES NOB ce ae a ae aor “TOTEM | ECT 
es LO , | 68 [<i | a eer tas Co NA ‘A9°M | Bel 
pues O][LAso]} egy | OT 13 ee ee eas 4aqyng ‘TOAGO II 
Or 0°01 ee ee hansoyy MOYEN OZT 
BIC Is SIT g¢ |/8 681 POC RT rsoNec cae ae woss8y JOY “TYSOA | BIT 
dyssrssi “Pues o]TLASe Teg 281 2 18 SON’ Wer king: s poomuaass *TaItA | SIT 
: 4 x I T g a “sOUUNY “YJION WOUIIA | JTT 
SYTMO}Op uosduntg #9 I 221 e662 younbpay ‘ieyuaD £aqTeA | OIL 
SASH UE 98 I Sod IS) emis scan ane, pooaitlze.4 TEIUL, | SUT 
a F8GO,, “SEIT I T I 163 BO Rema chk. fn abe anne ‘epoyy, | FIT 
Puts offtason seg S22 I GOUT IMD iievadawene os poomuaris) ‘1048, | ETT 
ma eh eee souung “os zauumng | 211 
9 oI tae leg [eee yuonsyg ‘uaemyeng | TTT 
rT he €1 OOOET WS. Gr lm eam. eee yuomseng ‘B.1aque4]04g | OTT 
1 t rt Bey [cceseeee soe nesseee sony *Tpx0019 | GOT 
SUIT] ,,SNOBOTTIG,, €% | (ee Ocoee once fajnoy ‘219 | SOT 
OTLASA IIe O8e WO ifegcenes cae. ce 4ang ‘ssnjg-yooulg | 201 
i ee Ne a Peteeicts rcs fayno;) “qqraIS | GOT 
I or 129 “sug ‘Sy4NYg | SOT 
IT y ere'e a anu ‘adreyg FOL 
Ed 6 0Z of poomuasasy ‘AIBA | OT 
i Q 6 oad ve ONS Seas emia npesengy ‘suariax | Z0T 
pues effLaspazreg oss't | 9z¢. EF Or CUSED, tr WM ces fi haa va; poomuaay ‘£aysag | TOT 
pues oTfLasjayreg 99 1 I: BW Se Sere G poomuaasy ‘33099 | OOT 
pues o[tasapzeg SEC oe Wa pet poomusas ‘saying ‘spxeAT[eS | 66 
pues C) TAso]} Jeg Gg ee ey fgnop ‘yoo 86 
St oun] Iddississtyy 6 BRO We yrmbpay ‘suIqqoy | 16 
" - = pu’ “ ‘O9TTM 5 
___ PO ‘SN! “PONT IOLA ETO, “BRT ae 54 Ones egg hee uossoy poy ‘woyueD-zyny | 96 
wo | we | pS oF gf] oF | wel eY| & | af oe E 
ga| ge) 6 [es] 22) e/a les] | 2s = : 
2S | 2B y O68, Oe. 88./ 58 |282| & | o&| seerted |S a 
so = BB BS) es | 9 eet eS _s | ‘jenuyjog |*8 5 
pesg Al[voo7T se oureyy BS, | Bo oS |g 2 08 8 aa) 2 | ek I EI 
Ss = y = eS |  speq = Aqunog ‘ppra e 
‘ es e aS Sar ‘194 =] 
@ . 
S86I JO Puy IV S861 Surg wononpolg | a 
= TO Te0L, 
. ‘sai: “ML ‘Tadeq 5 
yoy Suronporg aaeroAy STPM SBA) JO/pwe [IQ Jo requmyy 


Se 


(panunuo)j)—] aTav J, 


Se pg) Ae Rey eae are hs Se EY 
ee ears eh peer ae Moe oC 


Total old wells deepened...... 
Total new completions........ 


~ Total activity.......-....0++ 


. i. A er 
Dry and/or Near-dry Holes 


“Total Depths, Ft, 


oS f—} 
Ss Ss 
Xn 
HE 
me WSL lS 
ee eee ee ge) oto") -4") 0 4 8 0 
ed ee werd ee 4 3 0 
BUS a OAS oto} at {9-1} 0 2 2 0 
Se ae Sl 6 45| Ste |) <6" 0 8 122 52 
Me Sea. ok oleh ote 1 0 0 ; 
ee a es OPE hor cee to rl 0 0 
PY ct BO oie etesgel tay Ro 8 2 0 a 
ee BRP as Ries 0.1.) 0)0 0h. 8 1 32 0 f 
eae Ry es an ee ee 6| 15 0 7 
Sir) eee 1 | 0} O10] 0 1 0 7 
Bt et 04) 0) 8 fetid 1 0 
oe rea o | 2/17 | 0} 0 | 42] 484 1 
os 0. 4.10. | 20). etd. 1 | 22"). 5 824 0 
ook Sia RPT as hock Vee Sm ae a 3 6 0 
erro ay “oF 6 1 0 0 
On LOA wa Se TD $ 0 0 
o | 3|21| 0] 0 | 24] 1205 92 
0 Od Ol 1 0 0 1 
o | of} | ato 1 0 0 
o | of 13] 0 | 0 1 0 0 
@ itor ce.) bd 1 0 0 
dn) of tee he PO 5 u 5 
o| o| o| 6] 0 6| 473 0 
a lk a ee 1 0 2 
0 Ete) or 1 19 1| 46 0 
o| oj o| 2/0 2 0 0 
0 | o| 0 0 
o| o| o| 4| 0 4} _ 10 0 
oto |e | “e | 0 0 3 0 
on ol ttt 1-1-8 2 1 0 
Rt 0 Nat | 18. 1-05.1. 1189 086 0 
156 | 395 23 
WELLS 
oe Mage), Fe Cs Orage Seer rere certs se 56 
2 cia ek la cele Ie io oe SES cree 518 
<i orn i chet secs can aleeaenncoe tions One 


1 One oil well in 1933. 

2 Of this number, one was an old well deepened. 
3 Of this number, three were old wells deepened. 
4 Of this number, two were old wells deepened. 
5 Of this number, 37 were old wells deepened. 


"MUM Bary 
pees Oz 1-88 | wosmso-zynet) 90 
‘Buydumg | 1 440A ‘0D TO Busey | 6G ‘AON | WOSIEY GOW ‘AS ‘HS ‘O} AS ‘MA 341 “aqB0A 


—E 


“MOY 
. f u1948 *O- Bur 6T'L-01'S 
isk re “TA4 860'T | Buronporg I |-wepuvig |-onporg 110 orueY GS “AON ooTy ‘AS “HS |' ‘°° * “Uleysuepuvig 
. d ‘asa 
7 | : ‘18 4° T9439 Se L-L'S ‘ 
FTO “194% 0G Buynporg | T UUBHI | ~“di0H T1O UeU4Ie yy 0% “3deg qeqng ARNE AR ese eae uTBOoW 
+ ‘ "MLE 
| moq *[8 38 Og 1Z'.L-1l's 
Cite) ” | zed ‘TAI 08 _suronporg | I epoyy | pus’ wepiey “WH “YW T ‘3deg oor CMRE ARNON emg “opo”uL 
IT “Iq 81 “MOT'H 02°L-91'S 
to) susuvy ut ‘149 OLF surdung I yyqoodg JewW[eg Woy, 9% ‘any aoNny "MS ‘MS ‘HS | puoursey 
“MOU 
. euAsg 61'L-€2'S 
I yessny | pus yore ujeay gz eune | ose qo aE AT AUN m04UeD-Z4IY 
i” ss q “MEVSE 
\ (prQ-ureD) Asp “OD Bur 12'°.L-22'S 
ca! Sidaat SnOsoTIS 1» | 70d "194 00T | Suronporg iE Seyey | -ONpord [1D 94UBTTV FL ABI pr0ogzeys CAB Seas, Seam p ey 
__(pag-weD) anoy : TON M-6°E-61'L-ZE'S 
SUT] SNOsOTTIS,, | aon “T94 FT 80F'0T9 86 |1T9949§ 0D “eq Aosurey g “ase oory “WONT ACS) MING oe eee eseqo 
“1K JO pug o 
sy abfotple’ Te 
ef 
By a sconce d ee lee Aq peisaoosiqg. sa tesep ad Aqyanog m01}800T joog 
jo eUIBN [B00T 


SS6I ‘TE 99 
PIPhT Fo 813838 


SEE ‘SDSUDY U2 SatuaQoIsI J00og NaN—'E AAV I, 


TT OP CS ee ete ee oe ee 


Oil and Gas Production in Kentucky, Ohio, and West Virginia 


By Veurarr C. Suir, * CHarueston, W. Va. 
(New York Meeting, February, 1934) 


RELIABLE and detailed statistical data available for Kentucky, 
Ohio and West Virginia are the most meager and unsatisfactory of any 
of the producing states. Detailed histories and statistics are available 
for only a few pools. 

The antiquity of these pools, loose nomenclature, particularly where 
several names are applied to the same pool or various parts of the pool 
or a new name used when the pool was rediscovered, made the collection 
of accurate historical and statistical data almost impossible. So many 
of the data reported are unreliable that a breakdown by pools or even by 
counties, until more accurate information is available, would lead to gross 
errors. Rather than perpetuate inaccuracies, we have endeavored to go 
to original sources wherever possible, sift these and provide data that 
may serve as an incentive and basis for future work. The necessity for 
accurate information is thoroughly recognized by the operators, particu- 
larly because of the effect of recent government regulations and requests 
for data in connection with the preparation of the various codes and 
pending legislation. 

Producers, both major operating companies and individuals, have 
freely given their time and assistance in the compilation of these data. 
Valuable information was obtained from tax records, rate cases, statistics 
published by the oil and gas publications and the Bureau of Mines. So 
many individuals cooperated in the preparation of these data that indi- 
vidual credit cannot be given. Undoubtedly many errors will be found. 
Some of the data are open to controversy, and many have been omitted 
in the hope that new information of a more reliable character may become 
available. Other omissions are due to an inability to contact the proper 
individuals, many of whom are no longer connected with this industry. 

Pennsylvania grade crude sold in 1933 for the lowest price since 1895. 
Gas production could not find sufficient new markets to fill the void left 
by industrial stagnation. In the gas industry, where the market price 
is fixed by contract, uncertainty persisted because of impending legisla- 
tive action affecting both taxes and utility rates. As a result of these 
factors and a lack of new money, drilling was restricted to a new low. 
The lifting of proration toward the end of the year in the Pennsylvania 


* Consulting Engineer. 
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area, and possible local shortage of Pennsylvania crude, should result in 
renewed activity in 1934. _ 


Many properties and wells operated on a narrow margin had to be 
abandoned, owing to the necessity for curtailing operating expenses. As” 
a result there has been a large loss in reserves. In many cases this will | 


be permanent because the size of the wells and the investment required 
will prevent new drilling. 


KENTUCKY 


Oil was first discovered in Kentucky about 1819. The production 
history of this state is long and varied. The western fields are notable 
because of the shallow production and low initial investment required. 
This has resulted in emphasizing wildcat operations without considerable 
field work in advance of drilling, owing not only to the number of smal] 
operators but also to the disproportionate cost between necessary field 
work, drilling costs and the irregular character of the production. The 
percentage of dry holes drilled is probably the largest in any part of the 
United States. Three-fourths of the State of Kentucky has either pro- 
duced oil or gas or may be classed as prospective territory. Low cost 
of operations frequently carried on by local capital makes accurate infor- 
mation and statistics unobtainable. 

The Kentucky Survey has frequently used tax records in analyzing 
some of these operations, but unfortunately these are not available for 
1933 at this time. 

The year was one of greatly curtailed operations, reflecting general 
underconsumption, particularly in the gas fields, which were affected by 
both mild weather and restricted markets in the eastern and northern 
areas. In spite of this a considerable amount of drilling was carried on 
in Pike, Floyd, Martin and Knox counties, where some 128 wells were 
drilled. Part of this drilling was obligatory and most of it with the object 
of developing the Devonian (Brown) shale. Two deep test wells were 
drilled in Pike County and Letcher area, both exceeding 4000 ft. Two 
of the oil companies operating in the eastern area expanded their repres- 
suring operations with profitable results. Undoubtedly this, with 
increased demand for crude, will further stimulate repressuring and also 
new operations. 

In western Kentucky two good oil wells were drilled in the Barrett 
Hill section of Ohio County. 

An interesting development was the drilling of a well adjacent to the 
Emerson and Stockton well, drilled in 1829. This well encountered 
production at 400 ft. Ohio and Daviess counties were the most active 
in the western area. However, current reports indicate increased activity 
as soon as weather conditions permit and should result in considerable 
activity in the old proven areas of western Kentucky and also in wildeats 
drilled primarily for gas in the Blue Grass area. 
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More attention probably will be paid to the Kentucky area during the 


- coming year than to either Ohio or West Virginia, because lease obliga- 
tions will require the testing of certain areas, irrespective of marketing 


conditions, if leases are to be retained. 


OHIO 


Ohio’s petroleum history presents a strange picture of oil fields dis- 
covered, developed, abandoned, often forgotten and rediscovered. The 
antiquity of the production, loose nomenclature and application of the 
term “field” or “pool” without any definite meaning or restriction has 
made it impossible to gather statistical material suitable for the Institute’s 
form and of general value. The same problems that have confronted 
us in our efforts to gather accurate data have presented great difficulties 
in Ohio. The release of such detailed data as we have could only lead to 
confusion and erroneous conclusions. The enormous number of wells 
drilled and long historical production, a part of which has never been 
recorded, leaves a gap that is hard to fill. 

In 1933 one notable change occurred. In the old Trenton fields, the 
operators, refiners and pipe line companies joined forces in an effort not 
only to balance production to requirements but also to increase the local 
markets for their products, through mutual cooperation. This spirit 
undoubtedly will be extended to further cement the gaod relations and 
mutual helpfulness that has helped pull the industry in this area through 
a most critical period. 

The largest well drilled was a 300-bbl. initial producer, in Wyandot 
County, in what is known as the Upper Sandusky field. A number of 
very good producing wells were drilled in this county. Production is 
from the Trenton and shows the usual trend of development, which seems 
to have been a result of continued water drive, and restores fields, long 
known, to new life and activity. Recently several good producers were 
drilled in Van Wert County as a result of the same condition and con- 
siderable acreage has been leased. 

In Central Ohio, in the old Clinton field, Stark County leads in new 
work for both oil and gas and some good wells were drilled. Belmont 
and Muskingum have also been active. 

In Southeastern Ohio drilling has continued with favorable results 
in the Devonian shale. As a result of the decline in old fields and the 
expectation of improved markets, these operations should expand during 
the coming year. 

Our ideas about the shale have been somewhat changed and revised 
during the year. The absolute necessity for protecting the well against 
moisture, which will result in caving, improved shooting methods and 
the effect that structural control exerts upon production will stimulate 
both geological work and new drilling. 
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said to be the deepest test in Ohio. The ene ides é this aise: 
variously reported to the writer at 7767 ft. and 7890 ft. It was 
to the White Medina through the Clinton. Production was not encoun- 
tered and the well was pulled and plugged. 


West VIRGINIA 


The outstanding event during the year in West Virginia was the 
development of the Lost Run Pool in Ritchie County, where one well 
produced over 5000 bbl. of oil in a five-day test. This is a narrow shoe- 
string pool in the Injun sand, in an area of old production and has shown 
remarkable staying power. The present production is about 2000 bbl. 
per day. Pools of this character are of frequent occurrence in this state 
and present few, if any, novel features. Some extension of the present 
producing area may be expected of the wells now drilling to the south. 

In the Huntington area development of the Brown shale slowed down 
somewhat, due in part to restrictions by the city. 

Stimulated by renewed demand for crude, repressuring operations will 
be extended in several areas and experiments are now being carried on in 
both the lime and sandstone with acid treatment. 

The tax situation and legislative uncertainty has been particularly 
bad in West Virginia, resulting in the abandonment of many operations 
and a policy of delay until something definite develops, or in development 
in areas where less uncertainty existed. 

In summing up the situation in Ohio, Kentucky and West Virginia, 
operators who had sufficient funds were marking time, waiting to see what 
conditions would bring forth. 

The huge surplus of salvaged materials prevented the application of 
new methods or improvements because of their low cost and availability. 
The low price of oil and the restricted market for gas gave no incentive to 
further development. Many old wells are showing serious water 
encroachment. Pumping of water from gas wells is proving profitable 
in many cases, and seems to be preferable to siphoning because it does not 
use up gas energy or result in as much waste. 

Chemical utilization of gas as a raw material made no outstanding 
advance during the year. At the same time old fields continued to be 
drawn upon. Reserves were depleted and the major competitive fuel 
(coal) rapidly increased in price toward the end of the year. In the early 
part of the year there was a definite trend or shift from gas to coal, caused 
by the fixed price of gas and its comparatively high cost on a thermal 


basis. This trend has been reversed and events now in progress are ; 
emphasizing this change. Deeper sands are known to be productive a 
and as soon as reasonable expectation of profit from such operations can : 

- 


be had, new work will rapidly increase. 


a ny : es 


= 1. 


VELEAIR C. SMITH 


—Oil and Gas Production in Kentucky, Ohio and West Virginia 


A ‘ 
* Mie haa Producing Rock 
Field, County yan a 
Kentucky ~ to End 9 g = 
of 1933 To Top of So| @ 
Productive Zone Name Ager i a 2 § 
o 
Be 
S|as é 
lattle Ri h. Ck., Ki 
e Ric’ SRROEOR: 5 a2 = sae te 93-66 325+ Jones Pi 
Rock Haven, Meade........-....- 75-32 671-2,132+ | Lime, shale Dev ears = 
Cruesboro, Russell.........---++-- 72 590-1,135+ Sunnybrook, Trenton Ord a 
Meade County, Meade............ 70 175+ Lime, shale Dev TF 
Long Falls Ck., MeLean........... 68 180+ Sebree Ss, Jett, Beech | Mis, Dev 
Grove - 
Oskamp, Barren.....2.2..--.+-%5+ 68 5-900+ Lime Dev 
Bakerton, Cumberland............. 67 Lime, Trenton Ord 
Sewell, Cumberland.......---..++. 67-30 Lime, Trenton Ord 
Irvine, Estill. ..2002.2502 . 28.01 2% 55 190-900+ -1,844 | Lime, shale Dey, Sil A 
Boyd County, Boyd........-..+-+- 53 2,000+ Big Injun, Berea Mis, Dev 
Montgomery Co., Montgomery..... 50 en Ord F 
Cloverport, Breckenbridge.......-.- 46 872+-887-1,225 | Cloverport G. sand | Mis, Dev iS) 
. Cornif. lime 
Emery, Darren geen ees oo os 8 os 46 Shale Dev T 
Boyd’s Creek, Barren........--+-+- 45 116+ -225 Shale Dev T 
Glasgow, Barren........+--+++5+++ 44 175-2304 Limestone Dev, Sil, ah 
Ord 
Bourbon County, Bourbon.....-.-+ 45 200+ Trenton Ord 
Oil City, Barren......--.-+++05+++ 44 350+ Limestone Dev TS 
Somerset, Pulaski.........-+---++ 44 Potisville Pen, Mis, 
5 Dev, Sil 
Steffy, Barren.......-+0+0+-25000% 44 Lime? Dev TS 
Gas Hollow, Rieren. Rese vec <0. eaes 43 Lime? ‘ Dev TS 
Litchfield, Grayson. ....-..---++--- 33-16 961-1,514+ Sil. lime, lime Mis, Dev F 
West Point, Hardin..........----- 43-39 Lime (Cal.) L. Ord 
Beaver Creek, Floyd........---+-: 41 hes Max., Big Lime, Inj. 
shale 
Slickford, Wayne......------++-+> 41 Waverly, Trenton Mis, Ord AM 
Cooper, Wayne......-.++-- +2200: 38 870+ Waverly, Trenton Mis, Ord AM 
Sinking Creek, Knoz.......-.+---- 37 440+ ni en S| 30+|5 
Oil Valley, Wayne......-------+-- 36 Waverly, Trenton Mis, Ord AM 
Burning Springs, Clay......----.-- 35 Cornif. lime Den A 
LinCooper, Wayne.......-----+++- 33 Waverly, Trenton Ord AM 
Darnell, Wayne.....---+-----++++ 33 Waverly, Trenton Mis, Ord AM 
Ragland, Bath.......-----+++++-++ 33 Ragland, Niagara Sil A 
Barbourville, Knor.......----+-+- 32-31 470+ Sand : Pen S| 50+] A,5 
Ellington, Cumberland........----- 32 Trenton lime Ord 
Knox County, Knor......-----+++ 32 Big Lime, Big Injun, Mis, Pen 
. Pottsville, Max. 
Menifee, Menifee.......------++++ 32 Cornif. lime, shale Mis, Dev 
Ravenna, Estill... ....-.-0+0 2000+ 32 Lime shale Sil 
Sunnybrook, Wayne.....------+-> 32 Waverly, Trenton Mis, Ord y 
Clover Creek, Cumberland........- 31 Waverly? Trenton Ord y 
Dry Fork, Wayne....--.-+---++++ 21 Waverly? Trenton Mis, Ord y 
Parmleysville, Wayne....-.---.- +> 31 Waverly? Trenton Mis, Ord Yy 
: Wildwood, Allen......-----+-++5 31 100+ -150+ Maxton Dev shale Mis, Dev y |A 
; Williamsburg, Whitley.........---+ 31 Pottsville sands, Dey, Sil y |A 
Big Lime 
Aratt, Cumberland. ......---+ +555 30 Trenton lime Ord 
Bear Creek, Cumberland.........++ 30-13+ Trenton lime Ord 
Compton, Wolfe............:..+5| 30 Lime, Niagara, Dey, Sil FA 
Fallsburg, Lawrence...-.-+-.++++++ 30 1,700+ Pottsville, Weir-Berea Dev, Mis FS 
; Heard, Cumberland......000+--+++ 30 Trenton Ord 
Irish Bottom, Cumberland........- 30 Trenton Fone’ es Ord 
: Small, Cumberland........+++++++- 39 | 1,070+-3,517+ Max. Big Injun, | Pen, Dev 
4 shale 
7 Steubenville, Wayne.....-.----++> 30 Waverly, Trenton Ord 
4 Menifee, Menifee.........--..----| 29 1,200+ ? Lime, Cornif. shale ____| Dev A 
7 Mot gaits.0 hss. ce 28 1,200+ Big Lime, Big Injun, Weir,| Mis, Dev 
erea, 
d Barriers Waynewetes ates --| |) 28 Waverly, Trenton Ord 
; Dry Creek, et ea ee 28 Maxton, shale Dev 460y| AS 
: Stinking Creek, Wayne......------ 28 Waverly, Trenton Mis, Dev 
; Turkey Rock, Wayne.....-----+-: 28 Waverly, Trenton Mis, Dev 
4 Broadway?, Floyd....------++++:- 27 Salt Sand Injun, Max., | Pen, Dev 
Big Lime, shale 4 
: Corder, McCreary....-.----+++-°- 27 1,000+ Beaver | Mis 
4 Sulphur Creek, Cumberland 27 Trenton lime Ord 
. Bratcher Hal, Wayne......-----+: 26 Waverly, Trenton Mis, Ord AM 
\ Johnson Fork, Wayne.....---.+-+- 25 Waverly, Trenton Mis, Ord AM 


4 9 Footnotes to column 


headings and explanation of symbols are on page 175. 


Field, County 
Kentucky 


Monticello, Wayne.............--- 
we h, We 
Stillwater, Wolfe Lie cee teehee ae 
Beach Grove, McLean............+ 
Diamond Spring, Logan.........-. 


Central City, M uhlenberg. . 


Hertford, Ohto......- cet a-2 a. s's 
Petroleum, Allen 
Rodemer, Allen,..........-...++- 
Big Hill, Madison................ 
Bolyn, K 

Gainesville, Allen...............5- 
Miseryille, Barren..; face ences so 
Ashley, Popes cach MR ocean 
Brush Creek, Floyd............... 
Bull-Creek; Floyd}. iset<ccacten ws 
Emberton, Monroe...............- 
Hat Gap, Johnson... ciee> --s2--- 2 
Caddie; Metcalf... dgenaicc.s s+ 
Green River, Greene............... 
Holly’ Creek, Wolfese...2.....2..4 
Jackson, Warren... vj.42% asta ieee 
Lanhart, Jackson. .......-..0.000% 


Meredith, Grayson...............4 
Newcombe Cr., Hlliot............. 
Olympia Cr., Bath................ 


Mabey, Metcalf... amet os0 cect 
Williams, Warren..........0.0.005 
Big Stinking Cr., Lee.............. 
Denton} Carter. o<.dees secs Seis 
Frozen Cr., 


Lineman, Lee decry wtebiers oes x ele 


Mariba, Menifee. . 
Meador, Allen.... 
Prestonburg, Floyd. . 
Red Bush, Lawrence. 
Red River, Powell... 
Sam Martin, Warren 
Scottsville, Allen. . 
Short Creek, Grayson 
Sledge, Allen...... 
Stanton, Powell..... 
Travelers Rest, Owsley, 
Wenn, Johnson.......... 
Beech Bottom, Clinton 


Davenport, Clinton............... 


Flat Rock, Simpson. . 
Hawesville, Hancock, 
Tyytony Magoiin. <5 anes uve ex 


Johnson, Allen.. 

Louisa, Lawrence. . 
Moulder, Warren.. 
Mt. Areial, Allen 


9 Footnotes to column headings and explanation of symbols are on page 175. 


to End 
of 1933 


To Top of 


Productive Zone 


2,450+ 


400+ 
1,300+ 


100+ 


ee -700+ 


1,400+ 
940+—1,800+ 
700+ —2,000+ 

900+ 

1,100+ 


1,100+ -1,200+ 
700+ 


2,000+ 


450+ 


Waverly, Trenton 
Waverly, Trenton 
Waverly, Trenton 
Lime, Niagara 

Beech Grove, ie, Waleed 
Shallow gas lime, shale 


Chester 
Waverly, Trenton 
Waverly, Trenton 


Big Injun, Big Lime, Mi, Dev, 


Berea 
Jetts. lime 
Shale, Trenton lime 
Lime 


Shale, lime 

Maxton? Shale 
Trenton 

Trenton 
Ononadaga lime shale 


Niagara, Olympia 
Ss Weir-Berea 
ayer: 


iagara 
Pottsville, Weir-Berea 

Pottsville, Weir, Cornif., 
Niagara, U. Ord 


Ononadaga, lime 
Shallow sand Cornif. 
2d sand 

Lime 

Shale, lime 

Pa Weir, Cornif. 
Cornif., shale 

Lime, shale 

Pottsville, Weir-Berea 


Lime, shale 
Cornif., Niagara 
nif. 


Big Injun, Weir-Berea 


Beaver, Trenton, Beech | Mis, Ord, 


Bottom Cam. 
Beaver, Trenton, Beech | Mis, Ord, 
Bottom Cam, Ord 
Mis, Ord 

Chester, shale Mis, Dev 
Pottsville, Max., Big Pen, Mis 
Lime, Weir 
Cornif., shale Dey, Sil 
Pottsville, Weir-Berea Pen, Mis 


Lime 
Waverly, Trenton 


Mis 
Leg 


Mis, 
Dey, Sil 
De 


Dey 
Dey, Sil 


Pen, Mis 
= Mis, 
il, Dev- : 


Sil 
Mis, Pen 


Ss) 
Pen, Mis, 


ev, Sil 


Dey, Sil 


Mis 


Dev 
Mis, Ord 


“a 


we 


ot 


ey ee Ne ey ee eee NE 


N 
‘, 


___ Field, County 
Kentucky and Ohio 


Mitchell, Warren.......------ gitar 
Oil Branch, Johnson.......---++-- 
Olmstead, Logan.........-.+++++> 


Martin Co., Martin.......------+> 
Windy City, Wayne.........--+-- 
Bealcher, Warren.......-----+-+-+ 
Calvary, Allen.......-.+++++++++- 
Grin, Rowan........-+-+++22088++ 
Peart, Logan......---0++2+82e000- 


Penrod, Muhlenberg.....---++---+- 
Powell, Logan......----++22+2000+ 


Pugh, Simpson.....---+2---+0200° 
Reeder, Simpson....-..------++++ 


Rochester, Butler 


Sandige, Warren......-..+-+0+000+ 
Satterfield, Allen.......-.----++++ 
Simmons, Warren......-----+++5° 
Slanks, Warren.......----+0-+808* 
Vance Potter, Warren......---++++ 


Weaver, Wi 


Cable, Wolfe........-----s2eer ees 


Island Creek, Owsley........-+-+* 


Crocus Creek, 


, Cumberland......--+ 


Kettle Creek, Monroe.....-+-+--++ 


Proctor, 
Pulsey Creek, Cumberland 


Union Meta dee cocoate. oe 


Ambrose, Ohio........++22+000028 


, Daviess......+--+ +2201 etre 
Ruby, Daviess........-.++-+++++0+ 


Whitesville, Daviess........--++++> 
Brown, McLean......--+++++++0"+ 


OxI0 


Beldon, Lorain......++++++sse0re+ 


Mecca, Trum 


Williamsport, Columbiana.....---- 


Frozeyburg, Coshocton.... 
Mahoning 
Geneva, Ashtabula.....- 


Blabensburg, Knoz......----+++:> 


To Top of 


| Productive Zone 


1,500-2,000+ 


135- 250+ 


350+ 
1,100 


1,100+ 


2,000+ 
637+ 


500+ 
700+ 
700+ 
700+ 
700+ 


700+ 


2,450+ 
1,100-60 


2 Footnotes to column headings and explanation of symbols 


Shallow gas sand Cornif. 


| 2d sand 


e, Niagara 
Shale, lime | 


Cornif., Niagara 
Waverly, Trenton 
Lime, Niagara 

Cornif. lime, shale 

Big Injun, Berea 
Trenton’ 

Big Injun, Weir-Berea 
Big Injun, Weir-Berea 
Maxton, shale 

Cornif., Niagara 

Big Injun, Weir-Berea 
Shallow gas sand, lime 


shale 
Cornif. lime 
Chester, shale 


Pottsville, Weir-Berea 
Shale 

Shale 

Waverly, Trenton 
Cornif., Niagara 
Maxton, shale 

Ragland, Cornif., Niagara 
Shallow gas sand, lime 
shale 

Chester 

Shallow gas sand, lime 
shale 


Unnamed lime, shale 


Cornif., Niagara 
Maxton 

Cornif., Niagara 
Cornif., Niagara 
Cornif., Niagara 
Cornif., Niagara 
Niagara 
Maxton 
Unnamed 
Cornif., Niagara 
Niagara 
Cornif., Niagara 
Cornif. 

Cornif. 

Cornif. 

Trenton 
Sunnybrook 
Sebree sands 
Trenton 

Jett 


Pottsville 
Unnamed 
Pottsville 
Unnamed 
Pottsville 
Unnamed 
Sebree, Jett 


Clinton? Berea 
Berea 
Berea 
Berea 


are on page 175 


Pen, Dev 


Dev 
Mis, Dev 


Pen, Mis 
ev 


Mis, Dev 


ae 
Pen, Mis 


Sil, Mis 


Mis 


Mis 


y 
45y 
y 


rj hey 


FS 


AM 


FA 


Field, County 
Ohio 


Mt. Vernon, Knov....3.......05-- 

SWERSS.ncpgee canta 
Thurston, Fawfield...025)..0..- +00. 
Barnesville, Belmont eee ciets ocelot 
Cadiz, Harrison .2ete one. s pe - -antae 
Island Creek, Jefferson........-.-- 
Toronto, Jefferson.........--.++-- 
Colerain, Belmont..........+..++++ 


SclO; ONISON eon icon ee oemol ot aie 
Temperanceville, Belmont.......... 
We e, Columbiana..........:. 
Vagal 6 Columbiana. oo elec - >> 
Philadelphia Rd., Harrison........ 
Bowerstown, Harrison.........-.- 
Bricher, Harrison...........2.++++ 
Maxwell, Harrison..............+. 


Snyder, H 
Port Homer, Jefferson............. 
Plumb Run, Harrison............. 
Bluck, Jefferson. ton eh ces concn t 
Cleveland, Cuyahoga.............. 
Berea, Cuyahoga................-- 


Buck Run, Morgan.............-+ 
Chester Hill, Morgan............. 
Macksburg, Washington........... 


Cow Run, Washington............ 
Thomas Fork, Meigs............. . 
New Castle, Monroe.............. 
Newells Run, Washington......... 


Sisterville, Monroe................ 
Cormings, Perry ii cae. «<5 -0 
Archers Fork, Washington......... 
Benwood, Monroe..............+. 


Moores Junction, Washington...... 
Sand Hill, Washington............ 
Wilson Run, Washington.......... 
Wingate Post Office, Washington... 
Guysville, Monroe................ 
Jacksons Ridge, Washington....... 
Hendershot, Washington........... 
Hohman, Washington............. 
Sheets Run, Washington........... 


Elk Run, Washington............. 
Flints Mills, Washington........... 
Mitchell, Washington............. 


Moose Ridge, Monroe............. 
Whitacre, Monroe................ 
Jackson; Vinton. isiccdve en +e cicsiees 


Goose Run, Washington........... 


Chit, Monnosiickah teteancees ane 
Oakeld, Fertig on. «tees tone <a 
Germantown, Washington. ....-... 
Sycamore, Monroe..............-. 
Woodsfield, Monroe.............65 
Wooster, Monroe: «. He bon cteae 
Syracuse, Meig8...........seee05 

Lawrence... Ries acces sa 


PSandUshy icin o\s.0 csiecsima riers 
OUTRUN AR SSPE GAY hr eG bc 


To Top of 


Productive Zone 


48 

48 650 

45 515+ -2,400+ 

44 960+ —2,000+ 

44 ; F 

44 1,000 

42 

39 | 960+-2,000+ 

38 

38 1,200 

37 

38° 1,190 

34 1,600-2,000+ 

34 

34 

34 

34 

34 

34 

34 450?+ 

23 

33 618 

33 

33 615 

31 

28 

21 710+ -3,000+ 

19 ; 
710+ 

73 82 

73 80 

73 

67 400-520?+ 

71 1,570+ 

43a 1,850+ 

43x 505-1, 848 

42 1,875+ 

42 1,250-3,575+ 

40a 1,950+ 

39 1,865+ 

39 1,900+ 

38 1,900+ 

38 1,900+ 


38 1,700-1 900+ 
37 1,375-1,840+ 
37 1,220-1,850 + 


37 650-1,900?+ 
37 1,900?+ 
37 1,900?+ 


35 2,200-1,900?+ 
35 1,400-1,900?+ 
35y | 415-600-1,900?+ 


34 970-1,875?+ 
34 1,875?+ -2,425 
34 990+ 

34 | 150-300-1,875+ 


33 1,070-3,600?+ 


33 1,250-3,600 
32 820 
31 
28 
22 

9 1,550+ 
y 
48+ 1,280+ 
48+) 1,275-1,200+ 
47+ 


Cow Run 

Cow Run, Warren, Berea, 
Clinton 

Cow Run 

Berea 

Berea? 

Cow Run, Berea 

Clinton? 

Big Injun Berea? 

— Clinton 


Ber 
Ist ate 2d Cow Run 
Berea 


Berea 

Mitchell 2d CR, Berea 

haben Big Injun 
Berea 

Berea? Keener 

Keener, Berea 

First Cow Run, Berea 

Berea, Squaw 

Maxton, Big 
Berea, Salt sand 

Berea 

Big Injun, Berea 

Mitchell and Cow Run, 
Berea, Br. shale 

Maxton Berea, Br. shale 

Berea, Br. shale, Squaw 

Clinton, Cow Run? 


Berea 

Goose Run, Mitchell, 
Berea? 

Big Lime, Clinton, Berea? 
Clinton? Berea 
Maxton, Germantown? 
Keener, "Berea? 

erea? 

Berea 

Berea 

Lime, Berea 

Trenton 


Trenton 
Trenton 


Injun, 


P 
eee = = eee Span Che eees 


eeeeeeee & eers<s< 


2 Footnotes to column headings and explanation of symbols are on page 175. 


Pe OS ee A ee ee ee 


Field, € 
Ohi 


10 


Adams, Harrison. 


‘ounty 


Archers Fork, Belmont.........--- 
Armstrong Mills, Belmont......... 


Ashland, Ashland, 


WGUNON, oc iegini ak 


Brink Hover, Holmes, Knor........ 
Brooklyn, Cuyahoga...-....----+- 
Brushy Creek, Belmont.........-.. 
Butler, Richland.........-.------- 
Cambridge, Guernsey........-.+++- 
East Liverpool, Cotumbiana........ 


Elyria, Lorain.... 
Flushing, Belmont 
Grafton, Lorain. . 
Griffith, Belmont. 


Hope Well, Licking........-.---+> 
Kilbuck, Holmes.......-...--++++> 


Kilbuck, Jefferson 
Kilgore, Carroll. . 


Klondike, Columbiana........-..-. 
Lisbon, Columbiana.......-.-.-++> 


Litchfield, Lorain. 
Malaga, Belmont. 


Melntyre, Jefferson.......-.-.+-++ 
Medina, Medina..........-+--++-+ 
Mingo, Jefferson.........-++-+-205 
Nashport, Muskingum.....-.-+--+ 
Newark, Licking..........+-+-+++> 
New Waterford, Columbiana....... 
Ostego, Muskingum........-.+++++ 
Pleasantville, Fairfield..........--. 
Rockport, Cuyahoga........-.+-+- 


Scott, Belmont... 


Stark County, Stark..........-+++ 


Starr, Belmont... 


Stumptown, Belmont..........+++: 

Sugar Grove, Hocking, Fairfield... . 
Summit..... cer + + 
Tuscarawas,......++. 

Willer Brook, Columbiana.......-- 
JA Yor? Rees Segoe 


Beallsville, Monro 
Black, Monroe... 


I cts A Pee 6 


Bosworth, Washington.......-.--- 
Bremen Junction City, Perry....... 


Burkhart, Monroe 
Chaseville, Nobve. 
Cooker, Monroe. . 
Decker, Monroe. . 
Denbrow, Monroe 
Egger, Monroe... 


Fifteen, Washington.........----+- 


Fisher, Monroe... 
Gallipolio, Gallia 
Glouster, Perry... 


Age, 
Y 


ears 
to End 
of 1933 


31 


eee Fe 


_VELEAIR C. SMITH 


To Top of 


Productive Zone 


1,450+ 


1,500 
1,200-1,500+ 


1,780 
650+ 
3,080+ 


1,950+ 
7224+-2,276+ 
725+ -2,275+ 
700 -2,450+ 


900 


4,150+ 
725-2,250+ 


4,150+ 
525+ -2,350+ 


1,975+ 
§20+-1,975+ - 
3,3902 
1,975+ 
3,600+ 
3,600+ 


TaBLe 1.— (Continued) 


A im 
verge Dysth , 


Producing Rock 
Bs 
<.| a 
Name Ageo |3 2 2 
g|EE 
ier 
Trenton Ord 
Trenton Ord 
Trenton Ord 
Trenton Ord 
Trenton Ord 
Trenton Ord 
Trenton Ord 
Trenton Ord 
Trenton Ord 
Trenton Ord 
Trenton Ord 
Trenton Ord 
Trenton Ord 
Trenton Ord 
Trenton Ord 
Trenton Ord 
Cow Run, Berea Pen, Mis 
Berea Pen, Mis 
Berea Pen, Mis 
Berea Pen, Mis 
Clinton? Sil 
Berea Mis 
Injun, Berea S, Mis 
Berea Mis 60 
Clinton? Sil 
Berea Mis 
Clinton? Sil 
Berea? Mis 
Berea? Mis 
Berea, Clinton Mis, Sil 
Berea, Clinton Mis, Sil 
Berea, Clinton? Mis, Sil 20 
Berea Mis» 
Berea Mis 
Berea Mis 
Berea Mis 
Clinton? Berea Sil 
Berea? Mis 
Berea 
Berea Mis 
Berea 
Clinton? Sil 
Berea, Clinton Mis, Sil 
Berea Mis 
Clinton? Sil 
Berea, Clinton? Mis, Sil 
Berea, Clinton Mis, Sil 
Maxton? Berea? Mis 
Clinton Sil 
Maxton, Berea Mis 
Maxton, Berea Mis 
Berea? Clinton Mis, Sil 
Corniferous ' 
Niagara, Berea Sil 
Berea Mis 
Berea Mis 
Berea, Keener Mis 
Berea, Keener Mis 
Cow Run, Berea, Warren | Pen, Mis 
Clinton? Berea Sil 
Berea, Keener Mis 
Germantown? Mis 
Berea, Keener Mis 
Berea, Keener Mis 
Berea, Keener Mis 
Berea Mis 
Cow Run Berea, Warren | Pen, Dev 
Berea Mis 
Clinton Sil 
Clinton Sil 


Structure? 


ee es ee  e=E eee 


the @ Footnotes to column headings and explanation of symbols are on page 175. 


Field, County 
Ohio and West Virginia 


Hoffman, Monroe............--+++ 
‘ Lewisville, Monroe..............-- 
Locust Grove, Vinton.........---- 


Moore, M kre Bee sen ORO aimee ace 
Mt. Perry, Petry .s..ace en s.: soe 
) Porterfield, Mi bos SUES a eile 
: Rinards Mills, Monroy... 5.5.55... 
Salt Run; Noble... scree: ee eae 
Schriver, Monroe...........-----+ 
Summerfield, Noble..........----- 
Wahl, Monroe. . Baas aa 
White Cottage, Monroe.........+: 
Wust VIRGinia 
Burning Springs, Wirt, Wood, 
Ritchie. 


. Volcano, Ritchie, Wood............ 
| New Cumberland, Hancock........ 

Ogden, Woods ins..« feet esc cac eels 
_ Horseneck, emg Stes Sree 


Waverly, Wood, Pleasants......... 
California House, Ritchie-Wirt..... 
Wellsburg, Brooke...............- 
Belmont, Pleasants............--. 
Bureka, Pleasants.........++.+-++s 
Mt. Morris, Monongalia........... 


Moundsville, Marshall............ 
Turkey Foot, Hancock............ 
Cassville, Marton...............05 


Cassville, M onongalia............. 
Mannington, Marion.............% 
Dolls Run, Monongalia............ 
St. Marys, Pleasants.............. 
Fairview, Marion..............++5 
CAlroNRiGhie biracns skepaeataavt naar 


Harrisville, Ritchias .ecvs ence v esse 
Bistersville, Tyler........0...0e005 
Doddridgé..2. 60.0055. 


Center Point, Doddridge........... 
Tanner, OUinaet ee Md acces 
Whiskey Run, Ritchie-Wood....... 
Glenville, Gilmer. wo. cc ecec nese es 
Bll Borke  Pylenee een Meet onc dacas 

W Gthel ee nc ee ae 


Smithfield, Wetzel............0005 
Whetstone Run, Marion........... 
Williamson, Wood................ 
Carson, Hancock soso P ie oy ose sci 
Fink, Lewis-Doddridge............. 
Flat Run, Marion-Monongalia.... . 
Jakes Run, Monongalia........... 
Willow Island, Pleasants.......... 
Big Moses, T'y a ee 
Little Flint, Dowerites MOS hig ne 
Board Tree, Marshall ee ee caee 
Broard Run, Pleasants............ 
Hardman, T'yler-Dodd............. 
Sancho Creek, aes re pleas Reh 
Wick, Tyler.. ja ae sh eee 
Waverly, Wood... :,.: Mee hoe 
Adaline, Marshall................. 


9 Footnotes to column headings and explanation of symbols are on page 175. 


To Top of 
Productive Zone 


1,925+ 
if, ee 


75+ 
1 03 a Pah 
1 oT 16+ 


Name 


iS 
3 


BEERIEOSEETEEEES 


g 
5 


Pen NI 
Mis § 
Mis s 
Pen 8s 
Big Injun, Keener, Gor- | Mis Nt 
on 
Cow Run Pen 8 
Cow Run Pen ) 
Berea (1,650 ft.) Mis s 
Cow Run, Berea Pen, Mis |S 
Cow Run Pen 8 
Big Injun, Bayard Mis, Dev |S 
Cow Run Pen s 
Berea 1,259 ft. Ss 
axton-Big , Gordon | Mis, Dey |S 
30 ft., ‘ath 50 t. 8 
Big Inj Mis 8 
Big Tay, Y Cheedoi 4th Mis, Dev |S 
Big Injun, 5th Dev ) 
Cow Run, Keener Ss 
Big Injun Mis 8 
Big ge un, Cairo, Salt | Mis, Pen |S 
Bic Injun Mis 8 
Big Tnyin oeeeewceess Mis iS) 
Cow Run, Maxton, Big Pen, Mis, | 8 
robe Gordon, 5th, Dev Ss 
tray, 
Big Injun Mis 8 
Big Tnjan, Gantz Mis, Dev |8 
Big Injun, Keener Mis 5 
Big Injun Mis S 
Keener, Big manu Mis 8 
Maxton, Big Inj., Gor- | Mis, Dev |S 
don Stray 30 ft., "4th 
Big Injun, Gordon Mis, Dev |S 
Big Iny., 4th Dev 8 
Cow Run, Big Injun Mis § 
Berea Mis 8 
Berea Mis § 
Big Injun, 4th Mis, Dev 
Big Inyun, Gordon Mis, Dev |§ 
Cow Run Pen 8 
Big Injun Mis 8 
Big Injun Mis 8 
Big Injun Mis s 
Big i Gordon Mis, Dev |S 
Big Injun Mis NS) 
Big Injun Mis 8 
Cow Run Pen iS) 
Keener Mis iS) 


ee ee ee ee eo 


TABLE 1.—(Continued) 


Aseane Best 


Producing Rock 


7 Footnotes to column headings and explanation of symbols are on page 175. 


: Age, z 
J Field, County Years gos 
West Virginia to End m ge 
of 1933 To Top of N i Bi se z 
@ Productive Zone ane er elag| 3 
o i>} 
Re 
o 
Z Z| E 
Belton, Marshall... 2 shee 2-00.20 37 4th, 5th, Gordon Dev s 
Cameron, Marshatl............... 37 Big Injun Mis s 
Little Graveck, Marshall.......... 37 1st Cow Run Pen 8 
Cornwallis, Ritchie............--.- 37 Cow Run, Maxton Pen, Mis |S 
Monwaye Lyle s.ce 2. eree ess. -2+ 5: 37 Big Injun Mis § 
Kyle, Tyler.....--..2.5.22+-2- +++ 37 Big Injun Mis s 
Stringtown, Tyler, Dodd, Wetzel... . 37 Big Injun, Gordon Dev iS] 
Piney Fork, Wetzel.............-. 37 Big Injun Mis i) 
Murphytown, Wood.............. 37 Cow Run Pen 8 
Cabell...2-. 20022... 36 Injun lime, Berea Mis 8 
Campbell Run, Marion.........-.. 36 Big Inj., 4th, Gordon Mis, Dev |S 
Flat fof, Poca, Roane... ......< 36 Big Injun Mis § 
Hendershot, Woods, reas ass: 36 Berea Mis g 
Sedalia, Doddridge............-..- 35 Gordon, Stray Dev § 
Arvillia, Pleasanis................ 35 Cow Run, Berea Pen, Mis |S 
CLUEL sails ee men + A 8 
MOlsorn; | Weleel a... shee): enna estes 35 Big Injun Mis s 
Stout, Doddridge......... Ri artes 34 rdon Dev $ 
Wallace, Dodd, Harrison........... 34 Gordon Dev i) 
Wolf Summit, Harrison........... 34 5th Dev Ss 
Kermit-Warfield, Mingo........... 34 Be ss , Berea shale | Mis S] 
ev, 
Spencer, Roane, Gilmer......-..-.- 34 Berea Mis S 
Hurricane, Roane.........--.----- 34 Big Injun Mis iS) 
Garner, Wetzel... ..----.-2+-00055 34 Gordon Dev s 
Mills, Wetzel........-..-++-+++++- 34 Big Inj., Gordon Dev iS] 
Salem, Harrison..c....-..00.20000 33 Gordon Dev s 
Copley, Lewis, Gilmer............- 33 Gordon Dev s iS) 
Benson, Lewis, Harrison......-...- 33 2,514+ 5th Sand Dev iS) iN] 
Quaker Fork, Marion............. 33 fa Gordon, Gordon | Dev 
tray 
Myplight ONO. connec. esses ene = 33 1,000+ Big Injun 
Steel Run, Wetzel..........-...+++ 33 3,400+ Gordon A,S 
BR GTO S= fo kien 2\- -)210.° 32 Maxton, Big Inj., Gor- 
don, G. Stray 
Rosedale, Brazton..........-+-+++ 32 1,300+-1,500+ | Rosedale gas sand, Rose- 
dale salt sand Pen A,8 
Yellow Creek, Calhoun.........--+ 32 2,430+ Berea Mis 38+ 
Stumptown, Gilmer.........----++ 32 2,680+ Salt sand Pen A 
Indian Fork, Gilmer.........---+++ 32 5th sand Dev 20+|58 
Suckerrod, Brooke..........---+++ 31 
Rowles Run, Calhoun, Roane....... 31 2,195+ Berea Mis 26 |S 
Newburne, Gilmer.......-.-.-.-++ 31 Salt, Max., Squaw Berea | Pen, Mis AS 
Milton (Beckett), Cabell..........- 30 Beckett ; is 15 |8 
Silver Run, Ritchie..........-..-- 30 Salt sand, Big Injun Pen, Mis 
Chester, Hancock.............++++ 29 Berea | Mis 30+ 
Majorsville, Marshall............- 29? 1,500+ Big Injun Mis 160+ 
Grandstaff Run, Marshall......... 29 Gas sand Pen 
Big Springs, Calhoun...........+-+ 28 
Spindle Top, Pleasants...........- 28 Cow Run Pen 
Craddock, Upshur.........+++00++ 28 Big Injun Mis 45 
Congo, Hancock,........0.s-00ee+ De ‘ 
Griffithsville, Lincoln..........+.+. 26 Berea Mis 22 |S 
Follensbee, Brooke.......-..++++5+ 26 
Holliday Cove, Brooke......:..... oo 
2-8 CRE: 
Queen Shoals, Clay.........-..-++ 26 1,500+ Big Injun Mis 
Queen Shoals, Kanawha........... 26 1,500+ Big Injun AS 
Logansport, Marion..........-.+-+ 26 Gordon Dev AS 
Miracle Run, Monongalia.......... 26 1,900+ Big Injun Mis AS 
Walton (Rock Ck), Roane......-.- 26 Big Injun , s 
Branchland, Lincoln.........---++ 25 2,000+ Berea Mis 20 |A 
Bonds Creek, Ritchie, Pleasant..... 4 
Fowlersville, Brooke........-..+--. 24 Berea | Mis 24 
Bomont, Clay..toc.-+--.s00eeee es 24 1,800+ Big Injun Mis ) 
Mt. Claire, Harrison..........+-++ 24 5th sand Dev 
Shinnston, Harrison.........-.-.- 24 5th sand Dev $ 
Falling, Rk. Ck., Kanawha........ 24 Squaw, Weir Mis ) 
~ Rush. Run (Clover), Roane......... 24 Big Injun Mis 8 
Tariff (Bright), Roane.........-.-- 24 1,875+ Big Injun Mis 50+) 5 
Frenchton, Upshur.......-.++++++ 24 30-ft. Gordon, 4th Dev Sy 
Dunlow, Wayne.........2000200+5 24 1,275+ Big Injun Mis 12 | AS 
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Area Proved, Acres | ‘Total Oil Production, Bbl. _ 
State! Oil and To End of | During | Duri 
. ng 
Oil | Gase Gas 1933 1932 1933 
BORwony. 3.2 o cawose nn he eso eee ee X 130,000,000 | 4,621,000 
0 «SPM RE WEIR AT ryt «Ok ry! 880,000 905,400 |563,250,000 | 4,610,000 | 4,300,000 
WOWt Virginiay . 2. .<c.akuan ts.1en Cok ona eee 578,750 990,550 |387,269,000 | 3,835,000 
Total Gas Production, Number of Oil and/or Gas Wells 
Millions Cu. Ft. 
Average Barrels During 1933 At End of 1933 
State! sig ell La a SE dak SA ee PS Nira co or ee 
3 e E ; 
7 To End | During | During | to End Conciene a — 
a 
of 1933 1932 1933 of 1933 Only Only 
Kentyaky.8..6. Fe. oc: 0.84 270,550 29,000 | 27,000 | 42,000 216 14,900 3,000 
ORION ..c ea ce rk 0.33 1,874,891 61,000 | 47,000 | 165,000 615 35,000 
West Virginia......... 0.76 5,227,894 | 101,000 | 90,000 227 13,900 21,000 


1 These state totals are merely estimates, 
? Footnotes to column headin s and explanation of symbols,are on, page 175. 
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32,004 
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3,420 


10n Feb. 2, 1934, there were 46 wells drilling in Eastern Kentucky. 


2 On the basis of the information now available, we estimate that more than 65,000 oil and/or gas wells, including non- 


productive wells, have been drilled in West Virginia. 
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Oil and Gas Development in Louisiana 


By B. C. Crart,* Baton Rovas, La. 


(New York Meeting, February, 1934) 


THE principal events in the oil and gas operations for Louisiana 
during 1933 have been the rapid development of the Converse field in 


Sabine Parish, the discovery of three new salt domes, one in North 


Louisiana and two in South Louisiana, increased development in the Iowa 
field on the Calcasieu-Jefferson Davis Parish line, and extensive geo- 
physical operations over a wide territory. Other miscellaneous events 
worthy of mention are the continued leasing of prospective oil lands 
over a wide area, extension of production at the East Hackberry field, 
Cameron Parish, discovery of deep sands at Caillou Island, Terrebonne 
Parish, and the completion of several important wildcats. 

Despite proration, oil production showed a substantial increase 
during 1933. The total output for this area was 25,599,802 bbl. as com- 
pared with 22,507,387 bbl. during 1932. 


Nortu Louisiana 


There were 111 oil wells and 47 gas wells completed in North Louisiana 
during 1933 as compared with 109 oil wells and 33 gas wells during 1932. 
North Louisiana oil production decreased approximately 692,625 bbl. 
in 1933 from its 1932 figure. The normal decline in the old fields was 
partly offset by increased production at the Zwolle and Converse fields 
in Sabine Parish. 

Acid treatment of wells in the Zwolle, Converse and Monroe fields 
was highly successful. The method of application has been described 
by H. K. Shearer, Geologist, Pelican Natural Gas Co., as follows:' 


With tubing in the hole and standing valve removed, the casing is filled with oil 
to the surface. 

The limestone solvent is pumped in through the tubing, at the same time bleeding 
off enough oil from the casinghead to equal the volume contained in the tubing plus 
the volume of open hole to be treated. The amount of solvent used in most of the 
wells treated was 1000 gal., which is enough to dissolve about 11 cu. ft. of chalk or 
limestone. After the computed amount of oil is bled off, the casinghead is closed and 
the remainder of the solvent is pumped in at whatever pressure is necessary to force 
it into the oil-producing horizon. The solvent is followed up with enough oil to 


* Assistant Professor of Petroleum Engineering, Louisiana State University. 


1 Personal communication. 
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7 

drive all the acid out of the tubing, and a few ee a to driv 
back into the formation, if this is considered desirable. 

The well is shut in for a period of 48 hr. to give the acid fue to complete ts 
reaction. 7 a 

The acid solvent will naturally act petal on the most broken and porous 
parts of the formation below the casing seat, but action may be confined closely to any < 
particular part of the open hole if so desired. In case there is a danger of opening up 
salt water in the bottom of the hole, a heavy inert ‘‘blanket solution” is provided, — 
which is placed in the hole first and remains below the acid, preventing action on that 
part of the hole. The level of the top of the acid is controlled by the amount of oil © = 
bled off from the casing. ‘4 

A paraffin solvent is also supplied which is run in after the acid, in wells, where it is 
considered necessary, for the purpose of removing paraffin deposits from the tubing, 
liner, and face of the producing formation. The blanket solution and paraffin solvent 
were not used in any of the earlier treatments. 


A detailed description of one well in the Zwolle field is given for illus- 
tration. The well when completed before acid treatment, except for the 
first day with the production of 60 bbl., had never made more than 
11 bbl. and had declined to 8 bbl. per day. 

The top to the marl and casing seat was 2438 ft., and the total depth 
2627 ft., leaving 189 ft. of open hole to be treated. Before starting acid 
treatment, 7114 bbl. of oil was required to fill the casing, 16 bbl. was bled 
off during injection of the solvent, 12 bbl. followed up the solvent, leaving 
6714 bbl. of oil in the hole. Quoting again from H. K. Shearer, 


‘ ‘ye 
7 
a 


One thousand gallons of solvent were used. While the solvent was being pumped 
in, the pressure went up to 250 lb. on the casing, but there was a vacuum on the 
tubing all the time, due to the much greater weight of the solvent as compared to 
oil. When the solvent was followed up with the oil, the pressure rose to 250 lb. on 
the casing and 150 lb. on the tubing. Then the formation suddenly broke down and 
the pressure declined to a vacuum on both the casing and tubing. 

When placed back on the pump, the well produced at the rate of 820 bbl. per day. 
Behavior of offset wells indicated that acid treatment in this well tapped a new source 
of oil, not connected by open breaks with any of the neighboring wells, and which 
would never have been produced by any of these wells by ordinary pumping. 

The summary of the first 63 wells treated is as follows: 


Daity Propuction BBL. 
Before treatment),.25. canine scls ushateeu acer aia Reena: Ce eee 1345 
First week after treatment... cvs. oss cete eieinaiee oe eee 5648 
30 days. after treatmenity... ie. cot cle uci nee ee eee 2505 
60 days after treatment 5. svc. tn hci Riek aati Coleen ea 2041 


The Converse field in Sabine Parish has been the most active area 
during 1933. Initiated in the Zwolle field, acid treatment has been used 
with success in Converse. 

Acid treatment has also been highly successful in the Monroe gas 
field. The average chemical analysis of the Monroe Gas Rock is: silica 
17.61 per cent; iron and aluminum oxide, 1.72; calcium carbonate, 78.69; 
magnesium carbonate, 1.57; sodium chloride, 0.41; and sulfates, trace. 


ee ee ee 
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Nearly 100 wells have been treated, with an increase in open flow of 
almost 200 per cent, indicating that the producing horizon is ideally 
constituted for acid treatment. 

North Louisiana gas production decreased 4,297,000,000 cu. ft. in 
1933 from its 1932 figure. Heavy withdrawal in the Richland field 
is reducing the rock pressure 10 to 12 lb. per month. At this rate the 
field will be dead in two years. The Louisiana Department of Conserva- 
tion gage of Oct. 20, 1933, shows an open-flow capacity of 4,815,- 
367,000 cu. ft. per day from 858 wells in the Monroe field and 
1,767,152,000 cu. ft. from 214 wells in the Richland field. 

The most important deep test drilled in 1933 was the H. I. Morgan, 
Smith No. 2, sec. 22, 19N.11W., Bossier Parish, in the Bellevue field. 
This well was abandoned at a depth of 6137 ft., in the lower marine beds 
of the Trinity group, being stratigraphically the deepest well in Louisiana. 

A new interior salt dome was proved when Gulf Refining Company’s, 
Bridgman No. 1, sec. 20. 19N.8W., was abandoned after penetrating 
10 ft. of rock salt at a total depth of 1922 feet. 


Soutu LOUISIANA 


The Iowa field in Calcasieu and Jefferson Davis parishes has been 
active most of the year. It is the largest field in Louisiana and the third 
largest on the Gulf Coast. Eight sands, while not all productive, have 
been discovered and are found at the following average depths: 4515, 
5135, 5585, 5935, 6525, 7006, 7115, and 7245 ft. Oil and/or gas wells 
have been completed in the first, second, third, fifth, sixth and seventh 
sands. However, of the 17 wells completed, 13 have been deepened to or 
completed in the deep zone at 7000 ft. Good indications have been 
obtained in the fourth and eighth sands. 

The producing limits at East Hackberry, Cameron Parish, were 
extended to the northeast flank of the dome by the Texas Company’s 
No. 10-B State, sec. 13, 128.10W., which was completed flowing 1800 bbl. 
daily from a sand at 7266 feet. 

The Texas Company’s State Caillou Island Nos. 8 and 9, sec. 20, 
238.20E., opening new sands on the Caillou Island dome, Terrebonne 
Parish, were completed at 5987 and 4070 ft. It is expected that these 
horizons will result in sustained production on this dome. 

The presence of a dome in the Harang area, Lafourche Parish, was 
proved when the Barnsdall Oil Co. Harang No. 1, lot 6, 178.20E., was 
drilled into salt at 6990 feet. 

The Texas Gulf Sulphur Co. proved the Lake Hermitage dome, 
Plaquemines Parish, when its Lafourche Basin Levee district No. 1, 
sec. 12, 188.25E., was abandoned after penetrating 468 ft. of cap rock at 
1450 feet. 


- 


Field, Parish — 


1 | Caddo,? Caddo............ RPA ALE Brisco nae de Ba Ae 
2 | Red River-Bull Bayou, De Soto, Red River..............---+++-- 20 
3 | Lake Bisteneau, Bienville..............- BF) ie ah 
4 | Elm Grove,® Caddo, Bossier....... ie t 18 ) 
5 | Monroe, Ouachita, Morehouse, Union............-20++020--0+-+5 18 “on 
Gil Bethany. dW askam)? Caddo... 0.22 4s..c0-+-00seers< sneer eae 18 a 
ME MELOTROE IOUT ONTUG arc cloner ote cls a tree's eva hob c neve aeiaracesie setreiees are 15 24 | 
8: | Haynesville; Clanborne.. maine ben eeectas no Sade ek a 13 
0: |(Shongaloo; Webster sacensecaee res aeaecle« aceite are mvlarriectes's 13 0 
104| Bellevies-Bossten kA. a8 We segue. Se ae io .cte wy. Sa eons eaciaed 13 0} 
Id Sligo; Caddo... ac, 4 beauties fe nen eC oe 12 0 
12 | Spring Hill-Sarepta, Bossier, Webster 12 0 
; 13 | Cotton Valley, Webster.............. SS Mn te te Re ee 12 0 
14 Carterville, Boseterss esa. peek cee ae oes Henkes tee ee 10 0 
15) Urania, Grant, La Salle, Wann. ccc. 2: oes <e-ke eo eehia- a2 ss 9 0 
16. Richland, Wteliland Non ce hae gree coe es sce ieee ee 8 0 
17 | Pleasant Hill, Sabine, De Soto................- ri 0 
US| Zwolle; Sabine ec sic osc ee core coe cae et Ook soe ene iene tee 6 0 
P 19)| Epps, Hastiand West Carroll... i... 00. obi. seed woe eae eo 6 0 
20 | White Sulphur Springs, La Saile 6 0 
DA | EL y.< Dei Soto’. icluaaxstcvete star axale aie is) dete gets 2 eevee eretarere a ene 4 0 
DoH ROCCSSAS. CAGE 2 Si apy.n15 cicterssees way 6, o/5)e Spare wars Gzgere Roster eae 4 0 
23: ‘Sugar- Creek. Claiborne. cceicsiass ate acta yee eee 3 0 
DAD WU lawton GOncondea® oar wide hack ae oyagaiecisniee te etes erat ease see 3 0 
Done Gonverses i SaUt106 vate «ic.ostens acne iczs atte Soe ee ee, 2 0 
26h — LotalyN orthoulsianac.s: actrees eee eee eee 10,504 
South Louisiana 
ON JOMMAN ESHA CROLG) canare.ca}.actasicik le eke RE etn ee este cere Tee 33 235 0 0 
28 | Anse La Butte, St. Martin 32 25 0 0 
29'| Welsh,, Jefferson Davis... ........+-.0++s00s 31 50 0 0 
30) Vinton; Calcasieuistcaat- atte. cid ds Saree 24 265 0 0 
Sy Bidwerly}Caleastentc. sin ..ca.0< ac teenie Eeeoe Meee 22 215 0 0 
32'\Pine Prairie, Evangeline.) «0... .tny venren sies s aicies si oe cme eal ee 10 0 0} 
93) Houma. Terrebonne sascha es. dee cee: Seine. ae ee 22 0 0 0 
34 | Bayou Bouillon, St. Martin 18 12 0 0 
$5i|: New Dberia;, [beria.: face. si aaa eee: aes 17 15 0 0 
86: Lookport, <Calwaaieucs actianan eer a. iti seme mere center ome 10 270 0 0} 
37 Starks; ‘Catcasien en cee st aes ene 9 50 0 0 
88\| Sulphur, Calcasiet: 0... .:5. 100. 8 50 0 0 
39 | Sweet Lake, Cameron.. 8 250 0 0 
40 | Fausse Pointe, Iberia. . 7 10 0 0 
41) Haekberry: Cameron... sys s,0v wi.cine oan thaw: Gare core eee 6 80 0 0 
40) Hast Hackberry, (Cameronastsea..4.. utc tees ack «ec eeieen 6 140 0 0 
AS SOMO, ARCOM Oar aacen.< ede ore Mee ee to maa te Cte ea ee 6 20 0 0 
44 | White Castle, Iberville 5 30 0 0 
45 | Port Barre, St. Landry 5 75 0 0 
46::Dog Lake; Tenrebonnert.t.. ri i aah ee ans anne See ERIN ae 5 10 0 0 
4i\ Bayo Blue) 2 0entls vase dec sens ok cops tee atari ees te Ta 5 30 0 0 
AS'\ Black Bayou \Garerorin stxsen Gees etek scene erie cee 5 30 0 0 
49 it Lake Pelto, Werneborme. sa,...ursc yhow de rae tink < oom nett kee 5 20 0 0 
60) Lake Barrey Derreoonnes. cn.cs.=. salient eee tele ee eee meee 5 100 0 0 
B1.| Caillou Island) Cenmebonnes< <a cpus. Sean beam haces aus 4 30 0 0 
62.) Cameron Meadows Camerot i..ccsadts» say qeniecly ns ab onan axe 3 20 0 0 
53 | Choctaw, Iberville 3 20 0 0 
54 | Lake Washington, Plaquemines 3 200 0 0 
55 | Leeville, Lafourche 3 210 0 0 
56 | Iowa, Calcasieu, Jefferson Davis 3 1,000 0 0 
57 | Darrow, Ascension 2 20 0 0 
58 | Gueydan, Vermilion 2 50 0 0 
80)) Total South Louisiana rear edsereer en eer nintiete semen ens 3,542 0 720 4,262 
60. Total Dowisiaia......<cnunoscebttah escneeern rt anne 124,242 10,504 | 231,990 | 366,736 


Mooringsport, Gilliam, Pine Island, Dixie and Blanchard. 


19 Scattered production over 64,000 acres. 


@ Footnotes to column headings and explanation symbols are on page 175. 
2 Includes following divisions: Cedar Grove, Shreveport, Jeems Bayou, Trees City, Monterey, Hart’s Ferry, Ferry Lake, 


8 Includes Caspiana area, 
9 Includes the part of each field in Louisiana and the Greenwood area. 


Maxi- 

Daly To vee of | During | During | 2U™ 
933 1932 1933 during 

1933 


- * 142,121,780) 2,607,520) 2,294,970 5,780 4,373 273 5 ; 130,116 1,273 1,198 
Sanirsio| Tit'eas| "508985 T'aio| dora] 202 | 7 | ‘bru | too | son | “4 : 
2,012 183 70 s 
2,767,430 120,725 125,295 385 8,648) 1,081 11 199,670 2,308 2,252 io 7 
¥ 1,511,222 95,854 | 113,424 422 
15,001 1,768 1,501 
64,518,695] 1,030,495 977,785| 2,595 | 21,336 339 4s 5,149 4,131 ae : 
62,767,045) 1,579,475) 1,404,570) 3,815 8,391 336 11 oC 4 4 4 
j 81,545 13,430 10,370 33 1,165 97 11 70,164 921 753 2: 
i 9,075,685 6,673 834 1,964 397 252 i 
_ 15 15 15 11 
—- 973,705 183,740 191,900 597 1,708 155 46 25,44017 30727 16127 0.61 
_ 13,324,660 240,205 199,500 485 3,416 311 ff 67,358 2,725 2,150 vf 
¥ 1,245,945 123,445 85,905 198 1,730 108 4 16,954 223 33 6 
- 18) 028,790) 1,271,975 933,480} 3,080 4,873 541 15 5 0 0 0 
3 : 368,006 81,163 56,449 
= 1,239,740 109,010 90,925} 225 1,550 97 ; oil 
10,199,260] 2,624,035} 2,938,985] 6,235 159 20 36 
608 100 4 
y 12,290 454) 17 pie 
4 682,880 100,915 74,850 185 8,536 776 26 21 21 21 21 
F 9,395 1,383 7,784 26 
. 11,455 3,958 3,695 13 
rv 0 0 
101,520 101,520). 795 63 6 34 
26 | 381,858,780] 10,716,205; 10,023,580, 25,918 16 2,491,923 | 198,364 | 193,175 751.7 
2 ~ South Louisiana 
‘g 27 50,377,217 398,330} 406,250 996 | 214,371) 3,898 34 
, 28 262 16,364 13,850 40 | 30,890 882 13 
4 29 571,004 14,421 16,180 42] 11,420) 1,427 38 
2 30 39,365,960) 1,475,009; 1,380,860 4,272 | 148,550! 1,651 44 
ntl 31 8,148,839 70,360: 53,820 197) 37,902 292 10 
32 20,000 0 0 2,000 66 
33 14,295 0 0 
34 372,894 0 0 31,074) 1,110 
35 72,347 0 0 4,823 105 
36 11,825,356 970,737 951,765| 2,340 | 43,797 438 87 
37 1,570,072 291,643 332,655 824] 31,401 785 46 
38 5,883,759 824,757 887,095| 2,565 | 117,675 981 69 
39 2,011,474 267,132 335,960} 1,178 8,045 201 236 
40 4 0 0 3,172 453 
41 1,903,654 197,092 212,060 428 | 23,795} 1,189 21 
42 8,321,000] 2,049,881 1,805,560) 4,532 | 59,435 991 101 
43 523,027 22,012 15,145 32| 26,151) 1,748 11 
44 1,034,883 195,453 195,010 832 | 34,496) 1,150 Vi 
45 3,023,821 556,603) 1,005,790} 2,042 40,317) 1,152 136 
a 46 1313 0 0 731 61 
, 47 61,837 1,891 0 2,061 103 
48 1,318,172 347, 295, 289,515) 1,080} 43,972 366 216 
x 49 157,651 21,446 18,460 43 7,882 143 43 
50 7,336,450 2,769,550 3,072,685) 6,762 |- 73,364 978 451 
4 51 348,720 0 342,715) 2,144} 11,624 129 2,144 
52 76,535 22,285 51,250 385 3,826 96 192 
53 350,000 148,321 101,590 272 | 17,500 437 91 
54 344,333 157,366 186,967 557 172i 66 111 
55 788,566 265,976 361,285} 1,522 3,755 150 504 
56 3,877,685 486,815] 3,365,060} 14,962 3,877 73 1,068 
57 10,730 805 9,925 29 536 16 29 
58 384,408 219,638 164,770 354 7,688 242 88 
59 150,891,695] 11,791,182 15,576,222) 48,430 242 14,295 0 0 
60 | 532,750, 475 22,507,387) 25,599,802 74,348 : 2,506,218 | 198,364 | 193,175 vip Uf 


14 Included with Homer. 

15 Included with Elm Grove. ei ; 
o 17 Spring Hill gas production; Sarepta gas production included with Cotton Valley. 
: 21 Included with Red River-Bull Bayou. 


a ae a 


"Number of Oil and/or Gas Wells 


I 
o . 
During ' 
z 1933 At End of 1933 
51S 
3 } 
E/e | 3] Eas : 
oS o| 56 S lease 
4) Bool Bl 3] SA 
a] 88) 8] | 83 | 
4/385 Oo] s<laa : f 
North Louisi 
% ERS Te 2,0678 ‘ 0] 1,026) 0) 0) 0 
2| 1,231] 3] 39] 16 823-2,648 787-2,600 0} 188} 0} O| 0 
: 3] 10} 0; oO} O 2,018-2,553 1,993-2,544 or 0 0} 0} 
: 4| oes ol al 0 i 0} 35) 0} O| OF 
5| 8771 27| 5] 140 2,205 2,145 0 0} oO} 0} OF 
5 Gl emezin (ain Ole oO 1,8233-1,345 1,718*-1,280 0} 0} of} of} of 
’ 7| 627| O| 25] O 2,040-2,805 2,065-2,790 0} 368) 0; 0} O 
$| °765/° “Ol” 5) : 5,092 4,530 0} 351) O} O} O} 
“t 9) 91 o| o| o 0 16 2,680 2,665 oF 3 a PON 0 
10} 341] 2] | 218 0 3} 370-1,035-1,815} 360-1,010-1,790} 0} 0) 0] 0| 0 
153i hale Olen I 0| 27| 27| 845-1,745-2,480] 885-1,710-2,4451] 0} 0] O| 0] 0 
13 Spe43 lun ||. Ol) med 0 5| — 18'2,691-3,063-3,165| 2,686-3,059-3,143 0) 13| 0] 0] O 
13] 278] 0] 0] Oo 0} 38] 117) 2,547-4,652 2,532-4,350 0} 79] O| oO] O 
14) 132!) 0) 8} 3 0 0} 50) 3,085-3,170 3,080-3,143 0} 50} 0} Of} O 
15} 442/ 1] 0] 10 0 0} 192 1,536 1,52 0} 177; 0} 15] 0 
16} 283] 2] 16] 13 0} 205} 205 2,44718 2,349 0 0}, Ode Oil) 0 
17 571, oO ol 0 0 0| 44 3,237 3,175 of 44) OF 0} O41: 
£8\p 271 63|. S0lac8 0 0, 171 2,441 2,280 6} 159} 0] 6] OF} 
19 4, 0; Oo] O 0 at og 2,344 2,336 Qf! OTe) op 
20) Gel2ie Ole Ol 0; 0 o} 60 804 7 oOo} =O} Of} Of O 
21} gel) Glan Ole a0 0 | ear 2,851 2,838 QO). 7} -) 0 
210i. Si Ol. .0 iy a ee 5,626 5,531 0} «(Of Of} Of} O 
23 Sir 3 OF 0 0} 10) 920 4,420 4,314 0} =O} of} of] o 
24 ill ai) et 0 0| 20 1,438 1,415 0} =o} oO} Of O 
25) 4 40 oa! 4 0 0| 35} 1,871-3,232 1,689-3,150 4; 311 0} O| 0 
26! 9,604] 158! 188| 465 | 1,843! 719 | 1,191! 3,753 101 2,531{ 0| 21] 0 
South Louisiana 
27, site Of; Sie BTS oO 0} 31 1,044 1,833 1} 30] 0] 0] 0 
28] 34l2 Ol O1- 0 St 0 0) ee3 1,506 1,351 o-"'3] OF On © 
29; +66] 0] 0} 0 11; 0 oe ht 1,158 1,148 OVP QUO eg 
30; 430] -7| Z|’ 16} so) 0 0} 80 2,752 2,685 1) 79) 0] oj o 
3H t72),, 2 a By 18) 8 0} 18 3,145 3,107 2} 16) 0} O| 0 
32 4} oO] Oo] O 0} 0 oO; 0 1,269 1,200 oO} =o} OOF 9 
33) 10), 0} 0] 0 0} 0 0} =O 2,469 2,448 oo 66} OF one 
34] ~ 20! Ol ol oO 0| 0 0} 0 3,050 2,838 o} 6} OO} OO 
35 41-0)" ol 0 o| 0 o| 60 2,121 2,049 o}. oO} oT Sen) 6 
36) 75|) 8h =8ir0'| 23 oo 0| 27 4,558 4,533 10} 141 o}| 3] 0 
Srieaeale 8 Ole ad 18] “0 0} 18 2,272 2,224 2} 16 0] o| 0 
a8} bf|) It) Oe Ol Sel 0 0| 36 4,160 4,136 13] * *12| 129} aqg 
39 Shpall Ol OO 5} 0 o| 5 6,284 6,262 A} oO SOMO 
40 45 0)) 01.0 0} 0 o| =O 1,170 1,137 0} Oran 6 
CAP RAT HS Ohne Teed 19} 0 0} 19 3,331 3,296 oO} 19}, O| o| Oo 
42} 95] 121 6] 6| 49] Oo 0} 49 3,700 3,668 6} 42} 11 o| ola 
43 6} Oo] oO; 0 ea o}| ths 2,091 2,077 1/29}. oesaa eG 
44 AR apa a es 3} 0 0 5,505 5,433 2.0) Labteeio Ps 
45) eer eed 15] 0 0} 15 3,407 3,368 al -13} 0} “om 0 
46 11% 0), 10) oO 0} 0 a 1,068 1,056 0} 0] Of Oo] o 
47 6] 0] oO} 0 0} 0 0} =O 2,319 2,262 OO) Oe ON O 
48 Bi. Ole Dhawed 5| 0 a, e'5 4,535 4,446 3) "eal Ont toleo 
49 2 0) Ol) @ 1] 0 6) SF 1,373 1,274 Oo So} 1 ah oO 
50 25) Obi a0 MBI .O 0} 15 3,836 3,777 14) 01% TAO 9 
51 Eee Wie a 0 0} 2 4,431 4,389 2} Ol OO oO 
52 Ate ol OIG 21 0 ea 4,844 4,822 Or 3]. OFLO oO 
53 Ne Slee (eG 4| 0 0} 4 3,107 3,052 2a] onlMonk o 
54 Oo}. gan er 6} 0 0 Taa6 1,154 1,135 6} 60} o| Of} 0 
55) |B), 2 al 0 Oo} 4 3,732 3,630 al" 0] > OfMRORIE 9 
BG 272131 s Ohad 16| 0 0; 16 6,762 6,742 16} 0] o| O| O 
57 2 ed pert 0} 0 oO; =O 4,431 4,414 6 Ol O04. 0 
58 BE Bl top eat 4} 0 0} 4 3,972 3,924 2} - 2! o}] 0} 0 
59] 1,675] 94) 49] 35 | 3877| 0 0| 377 92| 266/16] 3] 0 
60/11,279] 252! 2371 500) 2,220! 719 | 1,191! 4,130 102] 2,7971 16 | 24 | 0 


3 Average depth of all wells completed. ; 

‘ Producing horizons and average depths to top of horizons are as follows: Nacatoch, 1000 ft.; Chalk, 1437 ft.; Buckrange, 
1823 ft., Tokio, 2260, and Trinity, 3647 ft. 
ra rinp bottoms of wells and tops of productive zones are as follows: 840-804 ft., 1556-1548 ft., 1915-1896 ft., and 
2 t. 

46 One well completed in Glen Rose at 4270 ft. 

18 One well completed in Glen Rose at 2936 ft. 


5 Pressures and saturation in Blanchard area. : 
8 Gasoline content of gas from deep horizon; gas from other sands is dry. 
12 Produces casinghead gas, 


Pressure, Lb. per Sq. In.¢ 


10 Pressure on Augurs sand. I 
22 Wells flow for a few days after acid treatment. 


2% Same well has a pressure of 475 pounds on the tubing flowing through a 364 inch choke. 


36 Tubing pressure. 


B. C. CRAFT 


Taste 1.—(Continued) 


Character of Oil, ae Average during 


wy PSs 


ba] 


PPPr > PEP > 


PP PPE SP ee 


Character of Gas, Approx. 
33 


Average during 19 


972-1,057 


994-1,046 


1,060 


998 


y 
1,060 
1,125 

y 


Average at End of Gravity A.P.I. at 60° F. 
q Thitial g g BE 
ae 1932 : s 3 | 
cj oF 
Ries eee wes ets Ete ele) eT 
North Louisiana 
1 415-1,650 9505 25-46 | 14-26 | 38 
2 350- 975 41.5 40 41 0.25 
3 800-1,056 15 
4 400-1,100 | 30-100-120 32 28 30 
5 1,050 510 
6 400-1,325 58010 
7 y 0 38 35 36 
8 y 12 35 32 33 
9 1,050 55 30 28 29 
10 175- 750 Oy 
11 375-1,825 910 
12 1,300 100 28 25 26 
13 | 1,080-1,750 50-600 30-52 | 29-48 | 31 
14 1,250 y 38 41 
15 EG 0 22 19 20.5 
16 1,125 353 
17 1,350 0 42 38 40 
18 750 0-750 45.5 38 40 
19 1,080 960 
20 0 0 
21 900 y 45 38 41 
22 2,400 2,250 
23 1,800 1,600 
24 630 630 
25 22 22 46 42 43 
26 
South Louisiana 
7 295-550 0-200 26-34.5 | 21-34.5| 28 
28 200 40 24 22 23 
29 50 0 22.6 22 22.3 
30 = ler 32 20 29.4 
31 2 3a 22 19 20 
32 z 0 
33 1,040 0 
34 1,600 0 
35 zt 0 
36 2,200 1,800 41 23 33 
37 700 700 32 18 25 
38 850 790 36 19 27 
39 1,050 1,050 32 29 39 
40 z 0 . 
41 500 0 32 19 20 
42 2,400 2,350 32 20 28 
43 | 625-1,600 325-1,600 31 26 28 
44 875 435 5 23 24 
45 450 350 27 20 26 
46 0 0 
47 300 0 
48 600 350 23.8 18 21 
49 200 0 16.8 16.8 16.8 
50 700 700 35.5 33 34 
51 1,000 34 32 33 
52 1,500 0 41 27 37 
53 65 29.5 25.5 27 
54 450 180 19 18 18.5 
55 3rz 32a 27 23 25 
56 2,510 2,500 43 25.4 | 41 
57 240 0 2 29.6 | 31 
58 1,150 y 27.5 27.1 27.3 
59 


0.07-0.33 


is 


5 
0.07-0.33 


0.34 


y 

40 
56 
0 


3| + 
5) z 
fat q 

em 
| é 
Noi me Louisiana 
1 CreU, CreL| C,S 
2 Seno Basal Upper Cret. CreU iS) 
3 Nae Tokio F " pean 3 
4 | Nacatoch, Ozan, Tokio re 
5 | “Monroe Rock” CreU Ls 
6 | Nacatoch, Buckrange! < GreU, CreL | $,8,L 
7 | Nacatoch, Buckrange!* U § 
8 Puckands, Glen Rose CreU,CreL| § 
9 | Buckrang reU $ 
10 Nachtoth, Buckrange, Trinity CreU,CreL| § 
11 | Nacatoch, Buckrange, Tokio!’ CreU,CreL| S$ Por 
12 Buckrange, Toxio CreU § Por 
13 | Buckrange, Glen Rose CreU, Crel. |S, A, S} 27, 24 
14 | Buckrange, Tokio CreU NS] Pi 
15 | Contact, Cane River-Wilcox Eoc iS) Por 9 143 
16 | Tokio?, “Monroe Gas Rock’’'8 CreU, CreL | §, LS | Por 76 39 
17 | Washita CreL Por 16 22 
18 | “Chalk F Rock” CreU C_ | Crev 8 360 
19 | “Monroe Gas Rock” CreU LS | Por 8 10 
20 | Jackson Koc iS) Por 9 8 
21 | Tokio? CreU 8 Por 11 27 
22 | Glen Rose CreL L,S | Por 25 18 
23 | Glen Rose CreL L Por | 20 12 
24 | Basal Jackson _ | Hoc ) Por | 23 6 
25 | Nacatoch?, Saratoga Anona, Ozan, Washita| CreU, CreL | §,C | Por 10 26 
6 2,495 
South Louisiana 
27 | ‘““Fleming,”’ Marginulina? Mio S | Por 55| Ds} 111 ‘ 
28 | ‘“Citronelle,” “Fleming,” Jackson Pli, Mi,Eoc| § Por 35| Ds 79 | Jackson 1,50023 
29 | Plio-Mio Contact = Pli, Mio 5 Por 8| D 42 | U. Miocene /6,075 
30 | L. Plio, “Fleming,” Marginulina? Pli, Mio 8 Por 90| Ds | 192 | Vicksburg? (5,63024 
31 | L. Pliocene Pli Sy) Por | 130} Ds} 82 | Jackson? 6,80025 
32 | “Fleming” ; Mio S | Por | 30] Ds| 31 | “Fleming” [5,112 
33 | Upper, ta! Mio Mio 8 Por 10} D 13 | Miocene 5,645 
34 | ‘Flemii Mio 5 Por | 28) Ds| 43 | Vicksburg = |3,91026 
35 | L. Pio," Fleming” Pli, Mio $ Por | 46) Ds| 28 | ‘Fleming’ {3,881 
36 | “Fleming,” Heterostegina Mio 8 Por | 100} D 13 |y 7,656 
37 | L. Plio, Cap Rock, “Fleming” Pli, x, Mio 8 Por 40) Ds 51 | Jackson? —— |7,20725 
38 “Fleming,” Heterostegina Mio NS] Por | 120} Ds 29 | Heterostegina |9,25027 
39 | “Fleming” ‘ Mio 5 Por | 40) Ds 6 | Miocene? 8,070 
40 | “Fleming” Mio? i} Por 7| Ds 17 | “Fleming” {5,119 
41 | “Fleming’’ Mio NS) Por 20) Ds | 101 | Vicksburg?  |3,42425.28 
42 | Cap Rock, “Fleming” x, Mio S$ Por 60) Ds 60 | Vicksburg? — /3,035%5.50) O 
43 | Cap Rock, Vicksburg x, Olig A,S | Por 15| Ds 22 | Vicksbur; §,725 
44 | “Fleming’’ Mio § Por 30| Ds 4 | “Fleming” 6,170 
45 | Heterostegina Mio S Por 35| Ds 14 | Heterostegina |4,61027 
46 | L. Plio Pli 8 Por 12| Ds 9 | U. Miocene 6,347 
47 | “Fleming"’ : Mio 8 Por 20) Ds 10 | “Fleming” {6,103 
48 | Cap Rock, U. Mio, Heterostegina x, Mio L,8 | Por | 120) Ds 1851) Heterostegina 6,20082 
49 | Upper Marine Mio Mio 5 Por 55| Ds 6 | U. Miocene [4,775 
50 | Upper Marine Mio Mio 8 Por 75) Ds 6 | U. Miocene 6,790 
51 | Upper Marine Mio Mio 8 Por 90| Ds 5 | U. Miocene [5,981 
52 | “Fleming” Mio S | Por | 40] Ds 2 | U. Miocene |6,921 
53 | ‘“Fleming’”’ Mio | iS} Por 40| Ds | 1283] ‘Fleming’ {6,290 
54| Cap Rock, Super Cap x, Pli L,S | Por | 26) Ds| 26 | Miocene*4 5,860 
55| Upper Marine Mio sd Mio 5 Por | 25) Ds 2 | U. Miocene 15,662 
56 | “Fleming,” Heterostegina, Marginulina Mio NS] Por 53| D 3 | Marginulina {7,590 
57 Upper Marine Mio Mio 8 Por 34) Ds 6 | U. Miocene 6,052 
58 | ‘“Fleming”’ Mio $ Por 31) Ds 8 | Miocene 8,007 
59 1,051 
60 3,546 
a iL "Seas from contact of Upper and Lower Cretaceous, contact of Washita and Fredericksburg, Glen Rose, and Lower 
en Rose 


18 Goes also under names of Oakes sand and Haynesville sand. 
28 Deepest well abandoned at 6204 feet in the 


20 Abandoned in igneous rock. 


25 Abandoned in heaving shale, correlated either as basal Yishabers 


26 Deepest well abandoned at 6471 ft. in Lower Miocene 


29 Deepest well abandoned at 7834 feet. 
32 Deepest test completed at 6631 feet. 


16 One well completed in Glen Rose at 4270 ft. 
locene, Drilling in heaving shale. 
or top of the Jackson. 


bandoned in salt. 

+0 Deepest well abandoned at 8334 feet. 
33 Includes 8 sulfur tests. 
36 Dry holes drilled in fields and those drilled in defining producing limits. 


34 Abandoned in salt at 6179 feet. 


31 Includes 7 Sulfur tests, 


3 Includes 712 sulfur wells. 


2 Incomplete. 


5 Does not include sulfur wells. 
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- 1 Sixty-nine wells abandoned between 100 and 500 ft. 


4 Tnoludes 90 sulfur wells. 


For information needed in the 
writer wishes to thank Dr. H. V. How 
Kniffen, of the School of Geology, Loui live} 
A. W. Peake, Vice President in Charge of Production iS) 
Co. (Indiana); Mr. L. P. Teas, Geologist, Humble Oil and ] 
Mr. H. K. Shearer, Geologist, Pelican Natural Gas Co.; 
Grigsby, Geologist, Stanolind Oil and Gas Co.; Mr. G. C. McA 
Geologist, Columbian Carbon Co.; Mr. D. Goodwill, Mr. A. D. 
and Mr. C. Blouin of the Louisiana Department of Conservation; Mr. 
C. Clark, Geologist, United Gas Corporation; Mr. J. B. Taylor, Vic 
President, Union Sulphur Co.; Mr. Henry Cortes, Geologist, Mag: 
Petroleum Co.; and Mr. W. L. Stratton, Director in Charge of Produc- — 
tion, Mr. B. Pacerst Chief Scout, and Mr. E. B. Hutson, Chief Geologist cad 
of the Standard Oil Co. of Louisiana. f 
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Oil and Gas Development in Michigan during 1933 


By Turron Wasson,* Cutcago, In. 


(New York Meeting, February, 1934) 


Tue Central Michigan area held first place in the state during the 
year. Midland and Isabella, the leading counties in 1932, produced 


‘most of the oil in 1933. The Porter field southeast of Mt. Pleasant and 


along the same structural trend saw the greatest drilling activity. In 
Porter during the year 117 new wells were drilled. Under proration 
these wells produced 3,583,617 bbl., or nearly one-half the total for the 
state, which has been estimated at 7,947,695 bbl. The Porter field is 
already outlined on all sides except the northwest. It probably reached 
its peak in 1933. Unless a new field of some magnitude is developed in 
1934, Michigan will see a continuous decline. The Greendale extension 
to the old Mt. Pleasant field furnished the new flush for 1932. In 1933 


TasieE 1.—Oil and Gas Production in Michigan 


: Average Oil 
Area Proved, Acres Total Oil Production, Bbl. Production, 
Bbl. 
Field, County 
be Sm 8 Dail P Per 
or) ally er 
rE he & To end of | Durin Duri Average || Acre be 
S| Oil Gas | Total 8 urns | during to Daily 
A a 2 me 1933 1932 1933 N E during 
3 | Ov., nd of Nat 
2 Be = 1933 19335 1933. 
4 < iS) = 
1|| Saginaw, Saginaw... .. 9 1,660 1,660] 1,145,362 51,082 53,924 97 609 1 
+ 21) Muskegon, Muskegon..|| 6 || 4,200 |200 4,400|| 6,076,479] 475,624) 274,445 522 || 1,447 3 
3 || Mt. Pleasant, Midland, 
Tedbella.5. > ee «-. 9,120 9,120]| 15,343,692 | 5,854,951 | 3,126,323} 5,689 || 1,682 14 
4|| Leaton, Isabella....... 620 620 984,527| 258,454] 306,618 578 1,588 34 
5|| Vernon, Isabella....... 1,320 2,200}) 1,124,858) 318,252) 535,722] 2,357 852 90 
6 Vernon—Stray Ga: 
Band’, fi 0.. 05. 880! 
7|| Porter, Midland....... 2 5,600 5,600] 3,611,404 28,168 | 3,583,617 | 20,171 645 188 
8|| Hart, Oceana......... 1 500 500 46,404 46,404 202 93 25 
9; Ogemaw, Ogemaw..... ¥|| 500 500 18,982 18,982 120 38 40 
10|| Edmore, Montcalm... .|] 0 1,660 952 2 95 
11 || Gratiot, Gratiot........ 7 400 400 
12; Clare; Clare. 2ee0e8 . x. 4 300 300 
13 || Broomfield, Isabella...|} 4 5,100 | 5,100 
14 || Big Rapids, Mecosta...|| 14 3,500 | 3,500 
Potaliys F- 2eRs3 «05.5 23,520 |200}10,180 |33, 900) 28,351,708] 6,986,531 | 7,947,695 


2 Footnotes to column headings and explanation of symbols are on page 175. 
1 Stray sand gas wells are within area where oil production is from Monroe. 
2 During December, 1933. 


* Chief Geologist, The Pure Oil Co. 
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extension to the east and ohe drilling of inside loe: tion 
the Mt. Pleasant-Greendale field are on the pump. This aa 
3,126,323 bbl. during the year from 324 wells, or an average of y 
per well per day for the year. 

The Porter field, like Mt. Pleasant, is nse bes from the Dunc 2 
formation of Devonian age at a depth of 3400 ft. The total thickne 
of pay does not average more than 10 or 15 ft. of porous limestone. Sm. 
wells offset big producers and there is no consistent water level. Sa 
water found in the pay zones appears to be trapped with the oil and in 
some wells does not increase materially as the oil is produced; others — 
develop a big percentage of salt water in a short time. Although rapidly 
developed, the Porter field has not been overdrilled, and a spacing of 
one well to 10 acres has been maintained. 

Several new oil and gas fields were discovered in 1933. They are 
difficult to evaluate until more drilling is done and the production of 
wells so far drilled has been observed. At the beginning of the year 
1934, however, there are no new fields with possibilities that can be 
compared with the fields of the Midland-Isabella area. 

In the order of their discovery, the possible oil fields of 1933 are: 
Hart, Oceana County; Ogemaw, Ogemaw County; and Edmore, Mont- 
calm County. Each of these new fields is producing oil from the Traverse 
limestone of Devonian age. In spite of large initial productions first 


TaBLE 1.—(Continued) 


Number of Oil and/or Gas Wells rece 2 
Total Gas Production, Average Depth End of 1933 
Millions Cu. Ft. i a 
gis At End of 1933 Bee 
| 8 Maxi- | pleted 
BIS ial e axi- || plet Tem- Bottoms} To Top 
| 3 & & | mum |/To End 3 3 porar-| Produc- | Produc- | Total of oO 
1s ia eo | Daily || of 1933] @ 3 ily | ing Oil | ing Gas | Produc- || Produc- | Produc- |Flow- | Pump- 
i me a 4 during FE) = | Shut | Only Only ing tive tive ing ing 
a She 4 1933 3 Z Down Wells Zone 
1 280 0) 50 0 1 
2|/5,203) 288] 468] 2 398 | 4/41 | 0 173 | 98 tos | a'ore 2050 ie 
: ee oF : . Me : 324 3,575 3'510 324 
17 || 3,675 |. 3.615 
5 49 | 25] 3 | 4 36 44 | 3,725 | 3' i 
5 3,700 
6] 334) 86) 195] 4 8 1405 | poe 36 
7 121 |117| 5 1 116 116 3,450 
f 5 3,410 22 94 
: “ : ; ; 10 10 1,900 1,860 10 
10 Tews i re ae - 
11) 2 of 2 o : a | me eee ae 
8 8 510 500. 
12 0 0 0 0 7 
13 |) 928] 455] 446] 4 20 | 3 20 20 1'350 300 
14] of o| o| 0 4h~-4} -Q—fe-9 4 4 | 1475 | 1450 
6,557) 829) 1,111 1,302 |288] 110 15 823 70 893 31 823 


about halfway between the Mt. Pleasant field and Muskegon. Four 

wells have been drilled to the “stray” sand, which lies above the Marshall 

in this area where wells are 1450 ft. deep. One well in this field had an 
initial open flow of 30 million cubic feet per day. 
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‘combined daily average for the month of November of 
Further development of the 


: Bone new gas field was discovered near Big Rapids i in un oon oes County 


Gas produced and sold in 1933 came principally from Muskegon, 
Vernon and Broomfield. Very little new drilling was done in the older 
shallow gas fields at Broomfield, Clare and Gratiot. 

The deep test being drilled by the Newago Oil and Gas Co. on the 
Bates farm in Newago County and reported in 1932 as being in the 
Niagara limestone at 6020 ft. continued drilling in 1933, and has reached - 
a depth of 6548 ft., where it is reported to be in the Trenton limestone. 
This is the deepest test in the state. 

Acid was used in all the lime fields of the state during the year with 
considerable success. The use of acid with an inhibitor to prevent pipe 
corrosion started in Michigan in an experimental way in 1931. It 
has since taken its place as an established aid to production. 

Proration in the State of Michigan became generally effective on 
Oct. 6, 1933, although prior to that date there was some voluntary prora- 
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Character of Oil, 
Apps. Average 
uring 
- | Character of Gas, Deepest Zone 
ee . Approx. Average Producing Rock Tested to End 
“"""W Gravity during 1933 of 1933 

A.P.L. at 

60°F 
4 z Gal 3 =e 
: : 8 B.t.u : S| p7e Depth 
Zz, os Weighted | 50 ~’-" | Gasoline s| eile of 
a Initial (a 3s 3 ah ber Name Ageo = a 1s Name Hole, 
1 43 0.68 | P Berea Mis |S | Por JA | Sylvania | 3,970 
2 37 1.45'| P| 1,032 1 Traverse, Monroe} Dev | LD} Por |/A || St. Peter | 4,754 
3 42 0.165} P Dundee Dev |L | Por JA | Sylvania | 4,821 
4 43 0.40 | P Dundee Dev |L | Por |A || Monroe | 3,825 
5 44 0.45 | P Monroe Dev |L Por ||AF|| Monroe | 3,670 
6 570 Stray Mis |S | Por 
7 42 0.29 | P Dundee Dev |L | Por JA || Monroe | 3,677 
8 34 vy 2 ‘Lraverse Dev |L | Por j|A || Dundee | 2,407 
9 36 0.34 | P Traverse Dev |L Por ||A_ || Sylvania | 5,405 
10 42 Taal He Traverse Dev |L | Por |X |] Traverse | 3,120 
ll Parma Penn | § Por ||A || Dundee | 3,100 
12 590 ; Stray Mis |S | Por |A || Monroe | 4,055 
13 550 1,080 Stray Mis |S | Por |A | Dundee | 3,734 
14 Stray, Marshall Mis |S | Por |A || Dundee | 3,790 


County 


5 le 
2] 6] 10 
8} 1) 58] 3 
i 2 3 1 
49| 1 
33| 82) 1) 1 4 
12 14) sie t 4 
; Bie at 1 8 1 
d 2 4 
10] 5 15 1 
: 4 10 
a 1 1 2 
ji 
) 3 
= 1 1 
4 13 
2 2 
1 1 
41 6 11 1 
2 
oe at 3 
3 3 
1]. 6 1 8 
3 
th <8 4 
1 1 
3 3 
4 Q) 4 7 
a 2 
2 2 
3 3-8 5 
thet lad 3 
1 1 
Balt 7 
Be 3 4 
1} 2 3 
1 1 
Vee Ua 11 
AU} elt el, se 18 
By es. oe 17 2 
6| 6 1 14 
Wh fal 17 
2 2 
Ol itt 24 1 
eyes! 4,00 1 
p) 
a} le 1 18 
3, 2 5 
1 1 
Al sian a 1/ ou 
2 1 3 
il 1 
1 2 
6| 6 1 14 3 
30| 20} 10) 1 1] 62) 280 bag 
4| 1 5 
3] 10 13 
1 4 3 
SiF-8 12 
3 eal 6 
ram 4 
a ae 4 
213) 247| 178| 25 | 3] 2] 723] 1302 | 3 | 43 
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n in the Porter field made necessary by market conditions. From 
Oct. 6 to Oct. 12, inclusive, all wells in Porter Township had an allowable 
_ of 100 bbl. plus 40 per cent of potential production from 101 to 500 bbl., 
_ plus 35 per cent of potential from 501 to 1000 bbl., plus 30 per cent of 
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Fig. 1.—Oim AND GAS FIELDS oF MICHIGAN. 


potential from 1001 to 2000 bbl., plus 25 per cent of all potential over 
2000 bbl. All wells are shut in for 15 days after completion and before 
the potential is taken. Further changes made by the Committee during 


the year are as follows: 


Nov. 5-Nov. 12. ies fs, Se | 


100 


Noy. 13-Nov. 30.... 


Mecr l—Decst2lae teres oe 100 


Tyee 20-Dee: 31. he 100 


The potential of a new, flowing well is determined by an open 
test of 6 hr., the production of the last 2 hr. being multiplied by. 
ascertain the! 2 24-hr. potential. The water content is determined by 
frequent ‘‘shake-outs”’ during the 6 hr., and from this average the volume 
of water is estimated and adbtractedt from the gross fluid. Potential — 
of pumping wells is determined by a 24-hr. pumping test. bm! 
The Federal Government’s allocation to the State of Michigan was _ | 
established as 30,000 bbl. per day on Oct. 6, 1933, and continued at that . 
rate to Nov. 30. Dec. 1 it was reduced to 29,000 bbl. per day, which . 
is the rate allowed to the end of the year. : 
In Table 1, production figures for the various fields up to November _ 
are from the Michigan State Conservation Department. November _ 
and December totals have been estimated from pipe line runs. 
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Oil and Gas Development in Mississippi 


By B. C. Crart,* Baton Rouges, La. 


(New York Meeting, February, 1934) 


Om and gas development in Mississippi during the year 1933 was 
rather active and a number of important wildcat wells were drilled 
throughout the state. 

Mississippi showed an increase in drilling operations during 1933. 
There were 58 completions from 22 counties during this period, compared 
with 53 completions in 10 counties during 1932. The Jackson gas field 
in Hinds and Rankin counties continued to be the most active area with 
26 completions, resulting in 17 gas wells, 2 oil wells, and 7 dry holes, 


_ compared with 38 gas wells, 1 oil well and 5 dry holes during 1932. A 


further attempt to extend the producing limits of the Amory gas field 
resulted in a dry hole. 

Extensive exploration in south Mississippi has proved the existence 
of ample source beds and presence of an extensive sandbody near the 
top of Cockfield. Core tests, supplemented by extensive geophysical 


work, have been carried on in Jackson, George, Harrison, Pearl River 


and Stone counties. Exploration will be continued in 1934. 

The most important deep test drilled in 1933, and the deepest well 
ever drilled in a southeastern state, was the Eastman Gardner et al., 
Bank of Seminary No. 1, sec. 26-8N.-15W., Covington County. This 
well went through about 1300 ft. of Selma chalk, and was abandoned 
in the Eutaw at 8004 ft. Another interesting operation during the past 
year was the Foster Creek Oil Corporation’s Foster Creek Lumber Co. 
No. 1, sec. 14-2N.-2W., in the “Eastern Conroe Trend.” This test is 
shut down at 3687 ft. in the Catahoula sandstone and has not encountered 
any important shows of oil or gas. 

A total of 107 of the 117 gas wells completed in the Jackson gas 
field since its discovery in 1930 are still producing, and have a combined 
open flow of approximately 3,724,896,000 cu. ft. It is reasonable to 
assume that this area will be rather inactive during 1934 as the maximum 
daily production during 1933 was 3,476,000 cu. ft. The 10 wells that 
have gone dead were edge wells. The water level is now between the 
sub-sea depths of 2190 and 2195 ft. The Gulf Refining Company’s 
Rainey No. 1, sec. 13-5N.-1E., one of the early wells in the field, had gas 
and water at —2225 ft. That the field is under hydraulic control is 


* Assistant Professor of Petroleum Engineering, Louisiana State University. 
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TaBLE 1.—Oil and Gas Pro 
8 Acres 
“3 
} Field, County a 
8 8 
E d 
Zz Fs 4 
5 $la|ale2 
Monroe,......0.0.e0e005 8 0 | 320} 320 
3 Fy Oe onbin Dili He 4 | 30 | 6,500] 6,530 


bats leas stous Sis Sores er eines 30 | 6,820] 6,850 


Total Gas Average Oil Production 
; , Gas Wells Depth, Methods 
Ma on. eet Ft. at End of 1933 
famber of 
During 1933| At End of 1933 = 
ino! ~_ Oo 
3 2 |A aia te 2| 8 
8) Ala |e jagis > |6 IS | 8 «2 2 
BE} E |S |S /ss8./ 3 | Ble lf 2 El ee] esl » 
2 2 S Ss a! 
<\ 2 |2| 2/2/22 | @ | = eelgzca| a] 22/22] = 
alela S2/83| 8 | 2 ESiES|e5| S| se |ee| 3 
1 | 1,892} 153) 183) 9 4 0 0 0 3 3} 2,402 | 2,393 
2 | 25,563) 9,695] 9,195} 35 | 120 19 3 id 2} 107} 110} 2,433 | 2,426 i 1 
26,955] 9,848] 9,377) 124 19 3 1 2 | 110) 113] 2,482 1 : i 


Character of Oil, Character of cared Deepest Zone Tested 
Approx. Average during 1933 | Gas, Approx. Producing to End of 1933 
verage 
rt during 1933 
ravity o> 
A.P.L. at 60° F. S Bs 
me 5 me 
5 Bole g| ee g 
& ie) Aas Name | Ageo 2 Be Name g 
o & i oF i es § o| > SZ I 
e\ ale \i# |_| 8 | as =| 2 lee) Sees 3 
Ce a a : “a S = 
2 ‘a |e ee ae Slee] Ss ges ame) 
fla lelalala |3 é| 2 B| 8 eae a 
1 1,025 0 | Hartselle | Mis S |Por} 8|MU} 2 | Fort Payne 3,045 
2 | 13.6) 13.6) 13.6) 1.8] A 1 0 | Selma CreU | C |Por| 7/A 39 | Igneous Rock | 4,027 


> Footnotes to column headings and explanation of symbols are on page 175, 
1 Wells are shut in the greater part of the time. 
2 Probably produce 50 barrrels of oil and 1000 barrels of salt water. 


indicated by the small decline in rock pressure. On the south edge of 
the field, sec. 14-15N.-1E., there are three wells capable of producing 
approximately 100 bbl. per day of heavy asphaltic-base crude with a high 
percentage of salt water. The crude contains no gasoline but makes good 
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gas oil and lubricating oil and has a high asphaltic content. These wells 
have been shut down the greater part of 1933. 
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rt By F. C. Greenn,* Rowza, Mo. 


7 his aon Pe (New York Meeting, February, 1934) 


‘DEvELoPMENT work in western Missouri was continuous during 1933, 
Vice to the shallow depths at which production is obtained and the low 


2 operating costs. Unfortunately, no statistics covering the total produc- 


“4 


4 - 


tion of oil and gas during the year are available. 
No new oil-producing pools were opened in 1933, but the Knoche area 


in T.46 N., R.33 W., Cass County, was extended. There are probably 


less than 100 penance oil wells, all in Cass and Jackson counties, with a 


i combined production of possibly around 150 bbl. daily. 


Several new gas areas were developed and there were several exten- 
sions of old areas, in 1933. Production was extended north by an entirely 
new pool—the Hammond pool, north of Plattsburg in Clinton Co. 
(sec. 18, T.55 N., R.31 W., and sec. 13, T.55 N., R.32 W.) where 13 wells 
were completed, he faaeest producing 2,332, 000 cubic feet. 

In the Bartle and Marshall pool in sees. 3-4-9-10, T.47 N., R.33 W., 
Jackson County, four wells opened a new area. The lasioas well was 
1,000,000 cubic feet. 

There were some small extensions near Rnuepeneeny) Jackson 
County. 

Two wells of about 300,000 cu. ft. were completed at a depth of 700 ft. 
in Kansas City and in a deeper sand than is usualiy productive. 

The Shaler area, in secs. 27-34, T.44 N., R.33 W. in Cass County, was 
extended with several wells, the largest of which was 300,000 cubic feet. 

The production in the pools mentioned is obtained chiefly from the 
Henrietta and Cherokee formations of the Pennsylvanian age. 


* Geologist, Missouri Geological Survey. 
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(New York Meeting, February, 1934) oa “v 


Wiupcar drilling operations in Montana during Bees di dx ot 
any discoveries of oil or gas that were of major importance. T 
comparatively little drilling in the older proven fields, as most 
- interest was centered in the Cut Bank field, where 44 wells were 7 om- 
pleted. The total number of wells completed in the state during tl he 
year was 79, of which 62 were productive of either oil or gas. 


Taste 1.—Oil and Gas Production in M ontana 


he 3 oD 
§ ee 
i Field, County Ss 
o og 
E gs 
1 | Bowdoin, Phillips, Valley... Week 
2 | Hardin, Big Horn......... .| 20 
Cedar Creek, Dawson, Prairie, Wibauz, Fallon. ; 
: First Sperm ainitoieiae eee cs Sid taaten sata ates es 20m Sit 
5 Liat Te MMe REE ee 18 
6c; Devils: Basin; Musselahell® J}. . ... chica eas ~ eee okey Se ee 14 
Cat Creek, Peirolewm, Garfidld v.05 .01o~ cand cciehie aoe REP eRt 
7 Wirst sands... dese sae, Je Maronite ates eae Mer aoa aioe 14 
8 Becond sand... os sralecetarats consis etegeashic drat senate Rate el iebeee Sere arenes 
Soap sneak Big Hermie cele! ES al... RE as ee 
Qo} Amsden: vis.c.o:<eiaanc alergromats eet ieron ate aaa Sate 4 /he 0 ete 13 
10 Malioon aio 7a 00 nc eg cag ar er 
11 12 x 50,000 50,000 
12 12 | 50,000 z | 50,000 
13 12 1,500 1,500 
14 12 700 700 
15 10 300 300 
16.) Boxelder; Hay ?2es 202%. Skee Fesay. he. Peet Fe ee - 9 x x 
Det BOpres, VEGI she aay s<iecataag ware 0) ccaniaatrsc Cava eeiilc eo aan ble els Rene 8 2,000+ 2,000+ 
18: | Cut Bank, Glacter, .(v.iehiie ki wal Sick a Ea Seb Rea eee 8 | 30,000+ 30,000+ | 60,000+ 
Whitlash, ‘Liberty hen eet hf pb IG Ae TE nO + Aha EDS AIL GY RR ice ere 
19 Colorado sands fos oas se 5 © ptchoasin oh Baines Gre ee eee v x 4,000+ 1 es 
205) = Wyppper FMs: Bs. 55 ce kervaatcrconelanc tie oe taas ncaa Fea eee ers x x 
21 | Pondera, Pondera, Teton. 7 1,600 1,600 
22 | Bannatyne, T'’eton... 7 1,000 1,000 
23 | Border,? Toole...... 5 450 45) 
Dry Creek, Carbon. 5 
24 Wromblen ai ..,.3 awe piesa tes asain clelerre a.ce toe os si ee x x 
25 Grey bull and! Lakota. sg) fs.nc.ca.te0 vice > Ud ean ac eee x 1,200+ 
26} Lotal., «05 cistaciate acai cutee te sie tty, Rie bse 2 RE cae cae ee 84,940+ | 269,200+ | 351,290+ 


1 Larger part of field is in Wyoming. 
2 Extends across boundary into Alberta, Canada. 


* Published by permission of G. C. Gester, chief geologist, Standard Oil Company 
of California. 


} Geologist, The California Company. 
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Bowdoin Gas Field ——The producing sands of this field are within the 
upper 500 ft. of the Colorado shale. In descending order they have been 
named the Martin, Bowdoin and Phillips sands. The Bowdoin sand 
is the principal gas-producing horizon and is about 300 ft. below the top 
of the Colorado shale. 

Kevin-Sunburst Field——The total area from which oil is being pro- 
duced in the Kevin-Sunburst field is approximately 50,000 acres. Con- 
siderable portions of this area are untested and other parts of it have 
been found nonproductive, so the actual area from which oil is being 
obtained is indeterminate. Some oil is being produced from the Sunburst 
sand and the “‘stray” sand at the top of the Ellis formation but, from 
the available records, it is not possible to segregate this from the total 
production. The top of the Madison limestone is the principal producing 
horizon. Most of the porosity is found in a limestone, which is partly 
dolomitic, and in the form of small solution cavities. 

The total area from which gas is being produced is approximately 
50,000 acres but some parts of this area are unproductive because of an 
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ames the gas is being withdr: ; be 
of the gas is obtained from the Sanh 
Kootenai formation. A few of the wells have ound 
sand at the top of the Ellis formation. wot 
Boxelder Gas Field.—The first well drilled on ities eicietaies 
pleted as a gas well in the Judith River formation but no gas he 
produced from it. All the gas has been withdrawn from one well, whic 
penetrated the Eagle sandstone only 4 feet. 
Cut Bank Field.—Most of the oil and gas production comes from { 
Cut Bank sand at the top of the Ellis formation. A minor amount is — 
produced from the Sunburst sand, near the base of the Kootenai ee ; 
tion. Three wells are producing gas from the Moulton sand, which is : a 
lenticular sandstone in the Kootenai formation, above the Sunburst sand. 
_ The areas of 30,000 acres each for the gas and oil fields are only rough 
approximations because of the limited amount of drilling that has been 
done. It is possible that the area that ultimately will be found to be 
productive will exceed these estimates considerably. 
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Oil and Gas Development in New Mexico 


_ By C. E. SHornrett* anp Dean E. Wincuester,t Denver, Co.o. 


(New York Meeting, February, 1934) 


No important discoveries of petroleum during 1933 were reported from 
New Mexico. Lea and Eddy counties were the centers of activity during 
the drilling season and each had a number of interesting completions. 
The Hobbs pool, in Lea County, was definitely outlined on the east, 
north and northwest. 

Under an agreement reached last summer by state officials and oper- 
ators, the Hobbs pool was continued under proration throughout the year. 
One hundred eighty-four units of 40 acres each were being produced at 
the end of 1933. The allowable was 21,306 bbl. daily at the beginning of 
1933, but when the agreement was revised in the spring the minimum was 
raised to 30,000 bbl., and by the end of the year had been raised to 
33,473 bbl. At present the field is being prorated on the basis of 25 per 
cent on acreage and 75 per cent on potentials except in the southwestern 
edge of the field, where water encroachment is a problem. In this area 
the basis of proration is 40 per cent on acreage and 60 per cent on poten- 
tials. A corrective method employed in this part of the field has been 
partly successful. The water is advancing in the upper part of the pay, a 
dolomitic limestone, and in a number of instances packers have been set in 
the pay below the water and above the oil. The locating of a satisfactory 
seat for a packer is difficult and in some instances has not been a com- 
plete success. 

Pipe line runs from the field during the year aggregated 11,413,218 bbl., 
bringing the total gross production up to 41,093,681 bbl., of which 39,000,- 
000 bbl. has been produced under proration, which went into effect on 
July 10, 1930. On Nov. 30, potentials were determined on the assigned 
pressure basis and the total was reduced 71,165 bbl. daily, to 1,265,- 
332 barrels. 

The outstanding completions in the Hobbs pool were three in number, 
of which the best was the Humble Oil & Refining Company’s No. 3B 
Bowers in sec. 20, 188., 38E., with an initial production of 11,664 bbl. of 
oil and 10,000,000 cu. ft. of gas. The Shell Petroleum Company’s No. 4B 
McKinley, in the same section, produced at the rate of 22,940 bbl. of oil 
while flowing open, but when tubed, flowed at the rate of 6610 bbl. The 
third outstanding well, No. 4 Hardin of the Tidal Oil Co., and located in 
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+ Consulting Geologist. 
269 


ee 


270 


Line Number 


cnmNo Oe eCEe 


10 


see 


Me eee Re 16,120 | 58,036,677 |13,320,466 {14,040,402 


~~ r 


OIL AND GAS DEVELOPMENT IN NEW MEXICO 
Tasuy 1.—Oil and Gas Production in New Mexico 
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Cc. E. SHOENFELT AND DEAN E. WINCHESTER 
Tase 2.—Summary of Drilling Operations in New Mezico 
(Figures in body of tabulation represent number of holes.) 


pas] 


Fy 


wo | coeo COSSOS SOSOSS SHOOKO oQoroo ooooo Within Field 


ole 7 Ss 


So 


© | cooa Cocos Coss oSoHS 990998 OfSSS 
-_ 
OOo WOSSS ONQSOSO SOME Exploratory 


| poee.eHene Gooog caene we Sess 2 0-1000 


~ ewan le Shouse Hactewateu Sauan 


ne SoSe COS oS Sooo HESS 999989 S9989 | 1000-2000 
coco coces Soees coos sokeo esses 


| 0 0 
2 
0 4 
j 4 
. D 0 
a 0 1 
= 9 i 
9) z 

6 13) 3 


sec. 19, 188., 38E., had an initial production of 6026 bbl. of oil and 5,239,- 
000 cu. ft. of gas. 

Four wells were drilled in the Lea area, one by Cranfill & Reynolds and 
three by the Texas Co., one of which was dry and limits the productive 
area on the northwest. One of the Texas Company’s wells, a near-dry 
hole, was treated with acid twice and was finally completed with an 
initial production of 310 bbl. of oil and 100 bbl. of water. 

The outstanding development in the Jal area was the Continental 
Oil Company’s No. 1B Sholes in the SW.NW. corner of sec. 13, 258., 36E., 
which had an initial production of 2280 bbl. of oil with 40,000,000 cu. ft. 
of gas in limestone at 3370 ft. This well holds the record for size in the 
Jal pool and was the cause of considerable activity in that area, which 
was just getting under way at the close of the year. 
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(New York Meeting, February, 1934) 


On the bulk basis New York’s contribution to the production of oi oil 
small, representing, as it does, a bare half of one per cent of the ann 
total for the United States. Yet it has more importance than is implied 
bysuchastatement. Petroleum includes a variety of organic compounds, 
some more and some less valuable. It would be a fairer estimate of the 
situation to say that New York in recent years has produced around 10 to. : 
12 per cent on the average of all Pennsylvania grade oil, the supply of 
which is strictly limited and the demand steady even in times of over- 
production of other grades. 

One may not infer from this that New York and other Appalachian — 
states enjoy an independent position in the market with a price structure | 
uninfluenced by that of the Mid-Continent, Gulf or California fields. — 
On the other hand, the recent market demoralization in the South and 
West brought about by uncontrolled production caused prices to drop to a 
point where the life of the local industry was seriously threatened. 

The current cost of producing oil in New York under the methods of 
water-flooding, by which most of the output is now obtained, has been 
estimated by competent authority at not less than $2.50 a barrel. The 
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> Footnotes to column headings and explanation of symbols are on page 175. 
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average yield is put at 4000 bbl. to the acre. With the use of the most 
improved methods of well drilling and lease operation the cost may be 
reduced to somewhat below that figure. It is apparent that with 
Pennsylvania grade selling at under $2.00 a barrel, as it did in 1933, the 
producers had to submit to very substantial losses which if continued over 
a considerable stretch of time would involve the ruin of the business. 

Price will be the governing factor in future production. Under 
profitable operative conditions the life of the fields may be prolonged for 
25 years at least. The output, however, is not likely to be raised much 
above the present rate even in the best circumstances. 

In 1933 there were about 17,600 wells in Cattaraugus, Allegany and 
Steuben counties, of which, perhaps, 5000 were employed on water- 
flooding and the rest strippers. Allegany County alone had about 
15,000 wells. This county has accounted for two-thirds of the total 
yield of 96,000,000 bbl., accredited to New York up to the close 
of 1933. 

There is little prospect of materially enlarging the present productive 
fields lying on the Pennsylvania border. It is 25 years or more since 
any considerable extension of the acreage has taken place. The present 
proved area is about 55,000 acres. It is still an open question whether 
oil in quantity may not be found somewhere below the Chemung sands, 
but thus far only inconsiderable production has been obtained from 
such sources. ‘The few deep tests in southwestern New York can hardly 
be taken as conclusive evidence on that point. There is added incentive 
to the exploration of the underlying formations by reason of the possible 
presence of natural gas, especially in the Oriskany and Medina sandstone. 
A test recently made in Allegany County encountered the Oriskany at 
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the Ponlisylyanie state aie) where it is dhatamtieed at en 
or more. The discovery of natural gas in the Oriskany s 
1930 has been productive of active exploration, particularly in the re 

of the Finger Lakes, but thus far the Tyrone field, situated betwe 
Seneca and Keuka lakes in Schuyler, Steuben and Yates counties and 
covering about 6000 acres, remains the single substantial producer fr from 
that formation. ~ a 
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Petroleum Development in Oklahoma in 1933 


as’ By L. G. E. Bienetx,* Jamzs O. Luwist anp E. A. Hanson, } Tusa, Oxua. 


(New York Meeting, February, 1934) 


THERE was a general upward trend of all petroleum activities in 
Oklahoma during 1933, especially in the last quarter, though the average 


E price for crude oil for the year was below 1932 and overproduction in 


East Texas demoralized conditions for several months. As the Federal 
Agencies established under the National Industry Recovery Act began 
to function conditions in Oklahoma were visibly affected and production 
of “hot oil” from Oklahoma City field practically ceased. 

More oil wells were completed, six new fields discovered, extensive 
geophysical prospecting carried on in many parts of the state, and an 
increased amount of clean-out and reconditioning work done in older pools 
during the past year. To increase quantity and rate of recovery of oil 
many wells producing from limestone formations were treated with 
hydrochloric acid. 

The Oklahoma City field had a reported production of 66,984,570 bbl. 
of oil during 1933, or almost exactly twice the amount reported for 1932. 
Potential tests and other indicators show that the wells are rapidly 
approaching the stage where mechanical lift must be applied to all of 
them, including the wells in the Wileox sand zone. 

The major pipe-line companies serving the oil fields of Oklahoma 
have been anxious to make connections to all wells during 1933 and have 
indicated a willingness to accept all oil available. The amount offered has 
been restricted by proration orders, but the state did produce 178,356,- 
449 bbl. during the year, an increase of about 18.6 per cent over 1932. 
This increase was practically all due to the greater demand for Oklahoma 
City oil, as all other pools of any importance showed loss in production or 
very small gains last year. The U. S. Bureau of Mines’ laboratory 
reports the lubricating distillate content of Oklahoma City crude from 
Arbuckle and Lower Simpson formations about 17 per cent by volume. 
East Texas oil is reported to contain about 5.6 per cent lubricat- 
ing distillates. 

The desire of the transportation companies to keep their equipment 
operating at maximum capacity and the need of some refineries for more 
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oil has tended to stimulate the reconditioning of old wells in es 
southern Oklahoma. This movement was well under way in 19 an 
seems evident that activity in this direction will increase as the available e- x 

oil from Oklahoma City decreases in quantity. - | 


PRICES 


The price for 36° gravity crude has varied from 69¢ per barrel in- 
January, down to 25¢ in May, 1933 and closed at $1.00 per barrel, the 
price posted in September. With the demand for Oklahoma grade crude — 
oil continuing steady and the available supply growing less the local 


ity oil was 65¢, compared with 88¢ average for 1932. 


COMPLETIONS 


There were fewer completions in 1933 than in 1932, the totals being 
1093 and 1130 respectively, but there were 668 new oil wells completed 
in 1933 as against 648 oil wells in 1932. The relation of oil wells to total 
completions is 62 per cent for 1933 and 56.8 per cent in 1932. The wells 
completed in 1933 are reported to have an initial average production of 
460.1 bbl. daily while those completed in 1932 averaged 1006.7 bbl. daily 
initial production. This indicates the need for-an increase in the number 
of oil wells. 


New Poous 


Of the new fields discovered in Oklahoma in 1933, none appear to be 
important in size, but all hold possibilities of containing much needed 
crude oil reserves. Probably the most important discovery was the 
Crescent pool, in Logan County about 54 miles north of Oklahoma City. 
The first well was completed by Gypsy Oil Co. and Carter Oil Co. 
and rated at 5000 bbl. per day initial. Six wells were completed 
during the year. 

In the Greater Seminole district two new pools were opened: Sasakwa 
Townsite and Keokuk Falls pools. The discovery well completed in 
Sasakwa Townsite pool by Stanolind Oil and Gas Co., Amerada Petroleum 
Corpn. and Indian Territory Illuminating Oil Co. flowed 2525 bbl. per 
day from Wilcox sand at 4040 to 4051 feet. 

The Keokuk Falls field is about 5 miles north of the Searight field. 
The discovery well was drilled by Carter Oil Co., Gypsy Oil Co. and 
Sinclair Prairie Oil Co. and found oil in the Misener sand at 4090 to 
4106 ft. Initial gage was 2327 bbl. per day. 

A new field was opened by Magnolia Petroleum Co. in Lincoln 
County, which is now known as the West Chandler field to distinguish 
it from the original pool just west of that city. It gaged 663 bbl. in 
14 hr., and 1180 bbl. in 24 hr. from Wilcox sand found at 4982 to 4988 feet. 


ool opened in Giistone last year is known as the Fitts 
for John Fitts, geologist, of Ada, Okla., who mapped the 
‘e in Pontotoc County where E. H. Moore and iGulions found oil at 
2640 re 2641 ft. There being no outlet for the oil when the well was 
completed, it was shut in until December, when it made 700 bbl. of oil in 
50 hours. 
The Lucien pool, discovered in 1932 in Noble County, and the Naval 
Reserve area in Osage County, have received considerable attention dur- 
ing 1933. All areas having showings of oil have been consistently drilled 
during the past year, with the amount of work increasing after oil reached 
the $1.00 posted price in September. 
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By phe H. Fancuer,* State worded Pay ty ee : 
[Lae " ( = 4 

(New York Meeting, February, 1934) ; od 


IMPROVING economic conditions are reflected in the statistical picti re 
of the petroleum and natural gas industry for 1933. Prices were bi 
demand was greater and the volume of production increased. 

‘ The increase in the production of gas has been due mainly to the 

: utilization of outlets to the new prolific gas fields of Potter and Tioge a 
counties; of oil, to the growing demand for Pennsylvania grade lubricants. — 
It should be emphasized that nowhere is volume of. production more — 
subject to control due to the extensive use of secondary methods of 
recovery and regional peculiarities than in Pennsylvania. i 

i A summary of developments in production for Pennsylvania in 1933 
of necessity is brief. The data listed in Table 1 are all too few in number ~ 
and not all that is desirable from the standpoint of accuracy. No state 
agency for the collection of data exists, no reports are compulsory. © 
Nevertheless, because of the hearty cooperation of many individuals 
and public spirited corporations, it is believed that the data are as reliable 
as are obtainable at the present time. Furthermore, records of the past 
too often are lost, were never in existence or are fragmentary, to say the 
least. Illustrative of the condition is the fact that no thorough stud 
of the oil and gas-producing regions has ever been made. 

The publications of the Pennsylvania Topographic and Geologic 
Survey upon the subject are noteworthy and valuable, especially the 
most recent one.'| The Survey has been handicapped in the work by ~ 
lack of time, personnel and funds in addition to the difficulties 
mentioned previously. : 

It is obvious, therefore, that Table 1 cannot be completed for Penn- 
sylvania. The data simply are not in existence. Officially there are 
328 oil and gas pools or fields known by name and 58 distinct sands or 
horizons, one or more of which are productive of oil and gas in the various 
pools, but reliable data for only three general regions could be assembled. 


ae ie te i | 


* Assistant Professor of Petroleum and Natural Gas Engineering, Mineral Indus- 
tries Experiment Station, Pennsylvania State College. 

1 J. D. Sisler, G. H. Ashley, F. T. Moyer and W. O. Hickok, 4th: Contributions to 
Oil and Gas Geology of Western Pennsylvania. Pennsylvania Geologic Survey, 
4th Ser., Bull. M19 (1988). 
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APPALACHIAN GEOSYNCLINE 


ane This is not so alarming as it appears to be because the oil and gas- 
producing region of Pennsylvania (in fact, the whole Appalachian 
region) may be considered as a geologic entity; namely, the Appa- 
achian geosyncline. . 
It is definitely established that accumulation within this area has 
_ been controlled only to a limited extent by structure in the majority 
of cases and largely by local sand conditions; namely, the resultant 
porosity, permeability and thinning and thickening of sediments due 
to original manner of deposition and subsequent alteration. 

The general recognition of these facts is producing dividends in certain 
areas as a result of intensive study of local sand conditions by means of 
reconnaissance, core analysis, the intensive development of likely and 


Taste 1.—Oil and Gas Production in Pennsylvania 
ie et OE eine Malte Ne 


3S Area Proved, Acres Total Oil Production, Bbl. 
a 
~7 “, g o £ 
er Field, County 3 she é iS 
a . ‘o End of | During During | > 
3 ee Pe te La, 1088 1932 | 1933 [® Ee 
a §2 a6 g 
Bt eS a ee EE ES ee a 2 eee eee PS Tl 
AM PBEAGTORG q.ce cee eee <i eeie- wie esse ars \nle 
OD Or ee es a SS oD eer 63 | 70,cxx 70,c02| 252,422,000) 9,244,c02| 9,350,2r2| 28,650 
Mi Kane to Butler. -.cjececte cece reece 358,200 358,202 2,178,000| 2,267,0r2) 5,950 
4 GK CAN ante «ic dasa. 7 eS as 24,x02 24,000 148,200 
{ 5 49,cra 49, cra 308,222) 
6 14,222) 14,202 98,202 
§ i 11,zex ll crx 14,222 
8 84,200 84,200 1,027,222 
9 22,722 22,002 94,002 
10 8,crx 8,722 81,222 
5 il 14,222 14,202 21 crx 
12 105,crz 105,202 387,002 
4 13 27,02a 27,c0x 
14 203,aa2 208,222) 990,22z|} 1,022,2x2) 2,650 
j 15 39,202 39,202 140,222 
q 
j 16 18,202 18,20x 48, crx 
AT Nie Allenhanl scan ste cee + ds v5.0 fingresess 66,202 66,000 250,222) 
} 18 Washington. .... 0.20.0 0e es eettene 55,000 55,200 380, x02) 
f DME GREONOUE J cts sos camer ay Sas 2G.<e 9 25,000 25,ara 172,022 
; 20 | Farmington.....<..--...+00eseeerees 
; 0) 0 ee (777 Re een oo one 3 4,800 4,800 
PF OPT GDEOHE< fix akstels sk esse econ dnnrus . 
23 PRE Sak th sce tle was a pedigree ees 5,000 5,000 


24 | Miscellaneous Gas Fields 
951 Armstrong.....------++ssseeeeeree 


96| Clearfield... 222.2 cec- seer ssens 
Ge MEE cst sian eine sii sibel acevee 
98) Fayette......-..-2cserereseceeees 
BOM: TNOLONG sone osecveis ae does saitelenvees 
30| Jefferson........--002seeseeeeees 
SP POON «mo 3iateie wis: ousivtave 6 seveininwe a bes 
32 Westmoreland.....--..+++++++seees 
\ BT Gall 5 o:cinynradereseveusiannjeinsinrecoioie: efonsfauert diets 631,c2z]| 9r2,crz| 1,522,007 878,614,000) 12,412,002] 12,639,002 37,250 
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ganda ee literature is available conce ing th 
Water-flooding is employed on a large oad Fee f 
field and accounts for the substantial relation its ‘prodi u 
the total for the state. No noteworthy improvements in Bal 
of its application have been made during the past year, a 
believed that there has been evidence of a more general reali ut 
part that engineering can play in changing loss to profit. _ ular a 
The approximate productive area of the Bradford field is ,000 
acres, of which about 15 per cent is in New York State. Table 1 ce ont 


TaBLE 1.—(Continued) 


: Average Oil Production, Total Gas Production, 
Bbl. Millions Cu. Ft. 
K, 
: nes com, | Dine 1988 | At Had of 1038 
; loa Ase, PA | Dale | yea | Decne | Daring [ro ee 
5 | toBnd |'tound | @uring | of 1933 | 1932 1933" | id of Pro- | Pro- | Total 
f 1933> : 2 te _ 
: : q of 1933 1933 1933 |Completed fos ducing lees Be 
| ° cing 
2 3,600 90 0.98 7 
i . 52 30, 
3 0.13 118 14'brr 
5 6,crx 
6 lerr 
7 38x 
: 25,222 
10 io 
il 
t 4 = 
1 ” 
14 ' 0.39 45 Gaz 
15 . 1,502 
16 Tru 
17 1brr 
i. 1,7zx 
oH 7x2 
21 14,655 
dl 87 4 1 
23 3,739 453 2,836 24 16 
24 7,554 ¢ 
25 
26 436 
27 
28 1,421 
29 1,168 
30 6,649 
31 1,805 
32 2,541 
33 0.45 | 4,672,270) 62,416 | 65,rxz | 190,200 935 81,372 | 16,628 


> Footnotes to column headings and explanation of symbols are on page 175. 


— sh eo 


aes _  @BORGE H. FANCHER au 281 


- data for only the portion of the field that lies within Pennsylvania. It 
_ is estimated, based on an average recovery by the methods now in use 


of approximately 5000 bbl. per acre, that approximately 20,000 acres 
within the state have been depleted, leaving some 59,000 acres yet to be 
developed. However, an estimate of marginal territory might reduce 


this to some 44,000 acres of good territory. Furthermore, a certain 


percentage of the production comes from unflooded naturally produced 
wells to which water-flooding may never be applied. 

The average saturation in the field in territory untouched by water 
is perhaps 60 per cent. This opinion is founded upon the results of 
core analysis. At the present rate of production the field should have 
a life of from 20 to 25 years based upon prevalent recoveries. The 
field is 63 years old and some wells have produced oil steadily for over 
45 years. One engineer has estimated that 30 per cent of the original 
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preaae Depth, Oil Production Methods ’ Pressure, Character of Oil 
t. At End of 1933 Lb. per Sq. In.¢ Approx. Average during 1933 
Gravity 
8 Bottoms| To Top Number of Wells Injection Average at End of | 4 py at 60° F. 
© | of Pro- | of Pso- |——-—__into | Initial _ Sulfur, | Bases 
1% | ductive | ductive Reser- Max. | Mine |PeF Cent 
2 Wells Zone | Flowing |Pumping| voir? 1932 LORS baer | Sewumn 
5 
1 
2 1,700 1,660 29,326 W 600 30 30 46.5 43.4 0.14 ei 
3 44,502 
4 y y 46.5 40.4 0.12 P 
5 600 580 6,722 y y 45.4 42.3 0.15 Wy 
lore y y Pp 
? 38a y y 82.5 32.5 0.09 FP 
8 750 730 25,272 GA vac. vac. 41.5 31.7 0.11 PP 
9 750 730 1,52x y y PR. 
10 1,crx y y P 
11 Tox y y P 
12 1,200 1,185 4,000 vac, vac. 46.9 45.4 0.12 iP 
13 2,520 vac. vac. ig 
14 6,838 
15 1,505 1,490 1,522 vac. vac. 46.9 45.4 0.12 iy 
16 Txx vac. vac. P 
17 2,100 2,050 1,5ar vac. vac. 45.4 41.7 0.14 P. 
18 | 2,200 2,150 lize vac. vac. 52.0 43,2 0.12 P 
19 2,200 2,150 72x vac. vac. 40.4 40.4 0.08 Ve 
20 
21 4,050 4,040 1,650 1,280 900 
33 4,885 4,880 2,150 2,122 2,000 
24 
25 7] y 
26 y y 
27 y y 
28 y y 
29 y i] 
30 y y 
1 y y 
32 y y it- 
33 80, 20,0 


that 10 per cent will be re by W 
ing deductions : niente rom this opi 
; (60 per cent of that originally present) is unrecoverable by 
methods and stands as a challenge to the naeonity) 18 
engineer, and (2) the original saturation in the field was 2 

cent. These statements apply only to the third Bradford oe 

; A reserve of some importance apparently exists in the fourth Bradf 
* or Windfall sand within the limits of the Bradford field. Informatic 
concerning it is meager; it is not known with certainty whether it 
continuous throughout the field because relatively few wells are ¢ 
to it. In some localities, however, it lies approximately 100 ft. bel 
4 the third Bradford, is about 30 ft. thick and carries a 65 per cent satura- 
tion of oil. A reliable estimate of its potentialities cannot be ventured 


at this time. 
: TaBLE 1.—(Continued) 
: — 
Chargoter Producing Rock > err of 1988 
4A 
Approx. Average! |e 
Char-| Por- | ness, S 
Gals. Name Ager : Name of Hole, 
: Moen [Casoline "wed bead p= & 3 Ft. 
2 | Cu Ft] re Feet Ee 2. | 
1 
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4 See text Dev U $ AMC 
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J 7 See text Dev U 8 15.0] 14 AMC Oriskany 3,225 
8] 1,822 40 | See text Dev U N] 17.0} 20 AMC 
9 See text Dev U 8 17.0 | 20 AMC Salina shale 5,252 
10 See text Dev U iN] 15.0} 15 AMC Queenston shale | 7,930 
ll See text Dev U S | 16.5] 16 | AMC 
12 70 | See text Dev U S | 18.0] 20 | AMC 
13 40 | See text Dev U Ny 13.0 14 AMC 
14 See text Dev U 10,347 
15 70 text Dev U S | 18.0] 16 | AMC 
16 40 | See text Dev U 8 18.0 16 AMC 
17 | 1822 40 | See text Dev U S | 18.0} 22 | AMC ? 5,575 
18 | lAre 40 | See text Dev U 5 18.5 22 AMC ? 7,248 
a4 40 | See text Dev U 8 19.0 20 AMC 
a 1,080 | dry | Oriskany Dev L 8§ 9.2] 50 AF Vernon shale 7,148 
23 1,020 | dry | Oriskany DevL | S | 9.2] 50 | AF 
25 See text 8 AMC 
26 See text S AMC 
27 See text 8 AMC 
~ me text B AMC 
2 See text AMC ? 7,003 
30 See text § AMC Salina shale 8,220 
31 See text s AMC 
32 See text 8 AMG Salina shale 7,756 
33 30,016 
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TaBLE 2.—Principal Oil and Gas-producing Sands of Pennsylvania 


Frevp County 


McKean 


Warren 


Venango 


Forest 


a ee Ov CBE snsiiot ober emcee as ate ae 


Elk 


Butler 


Butler 
Southwest Pennsylvania........-...-.+-+- Allegheny 


Tioga 
Potter 


Potter 


Fayette 


Miscellaneous Gas.........--002 ee eeeeeee 
Jefferson 


Westmoreland 


Sanp 
Chipmunk 
Second Bradford 
Third Bradford 
Fourth Bradford (Windfall) 


Lewis Run 
att Bradford (Kane of the Bradford) 
ane 
Sixth Bradford (Haskell) 
(as above) 
ade 
1 Clarendon 
Gartland 
First Venango 
Second Venango 


Third Venango 
Speechley 


First Venango (Hundred Foot) 
Second Venango 

Third Venango 

Speechley 


Tiona 
Third Bradford 


Speechley 
Tiona 
Balltown 
Sheffield 

First Bradford 
Second Bradford 
Third Bradford 
First Kane 
Second Kane 
Third Kane 
First Elk 
Second Elk 
Third Elk 


Hundred Foot 
Butler 

Thirty Foot 
Gordon 

Fifth 
Speechley 


(as above) 
Murraysville 
Gantz 
Fifty Foot 
Thirty Foot 
Gordon 
Fourth 
Fifth 
Bayard 
Elizabeth 


Oriskany 
Oriskany 


eo Bradford (Ruhburg) 
First Kane 


Gantz 
Fifty Foot 
Gordon 

Fourth 


{ Fifth Warren 
Second Kane 


Murraysville 
Hundred Foot 
Fourth 

Fifth 

Bayard 
Elizabeth 
Speechley 
Squaw 


a 
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The second geographical unit carried in Table 1 is tiled ion 
as Kane to Butler. The boundaries are indefinite and the productiv 
acreage lies within the several counties noted in Table 1. Such a vari 
of conditions prevails in this region and so many different sands > 
productive (note Table 2) that generalizations may be misleading. Here — 
it is that the influence of local fingering, lensing and pinching out of | 
strata and of change in its properties is exemplified to the greatest extent. 
Apparently the whole region is one vast oil field with the more prolific — 
areas, those commercially profitable, known as. distinct pools. An 
adequate geologic explanation of these facts is needed greatly. The 
economic problem of the region is the recognition and profitable opera- 
tion of the more prolific areas. Sand conditions are so variable that 
the only method of secondary recovery practicable at present is air or 
gas repressuring. Its potentialities are just being fully recognized. 
Natural recovery is too slow and costly to be tolerated throughout most 
of the region. 

The average saturation of the more prolific areas is in the neighbor- 
hood of 27 per cent. The sands are too often thin, but are shallow and 
in many cases two, three or four are productive. It is estimated that 
the region has an oil content of around 2,000,000,000 bbl., of which 
only 125,000,000 bbl. are recoverable by present methods and at present 
price levels. 

Much of what has been said of the Kane to Butler field can also 
be said of the oil-producing region of southwestern Pennsylvania, except 
that even less is known concerning it. Very few cores from wells in the 
region have been studied, little authentic information is on record. It 
is believed that important reserves exist in the region. Oil saturation 
probably is less, averaging not over 25 per cent. The average depth of 
wells is greater. Undoubtedly a total oil content of from 2,500,000,000 
to 2,800,000,000 bbl. exists in this region. The probable economical 
recovery cannot be estimated at this time but undoubtedly will be less 
than in the Kane to Butler region. Secondary methods of recovery 


have been practiced upon only the most limited scale but are believed 
to offer interesting potentialities. 


NatTurat Gas 


Little can be said about the production of natural gas in Pennsylvania 
in 1933, with the possible exception of the Tioga and Potter county 
fields, other than that it is on a stable basis. Rock pressures are known to 
vary from a few pounds to as high as 1100 lb. but reliable information 
in detail cannot be procured at this time. In many cases casinghead _ 
gas produced under high vacuum is marketed also. The principal . 
events in the Farmington and Hebron fields were the subsidence of : 
intensive development and the increased withdrawals due to better 
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market facilities. Considerable exploration work has been done and 


_ further exploration is contemplated in Tioga and Potter counties as 


- 


well as contiguous areas. An event of importance to the producers in 
the Hebron field was the completion late in 1933 of the 20-in. connecting 
line to the Farmington-Syracuse pipe line. It should be noted that the 
figures for total gas produced in the Farmington field, Tioga County 
and the Hebron field, Potter County (Table 1), include 2 billion cubic 
feet for the former and 450 million cubic feet for the latter, owing to gas 
wasted in drilling in, gas used by the companies and free gas supplied 
to lessees. The production for the years of 1932 and 1933, however, 
are actual pipe-line sales. 

The comparative production data for natural gasoline for the past 
three years are presented in Table 3. 


TABLE 3.—Production of Natural Gasoline in Pennsylvania 
QuaNtTiITy, THOUSANDS 


YEAR or GALLONS 

SE TATE RCO SO tied een Get oe eas hie tes aot eT, COaGU LO 
HGS nS Te ee ae ain at Rotten es War oes LAO 
Dt ee SRE, PES 2 Lee generar areata a steht a arial aie eel oe alien a ria, erat ame artey is 15,047 
cee ree eh... PB hi Daim Cana as. ee EA, B85 
SCN ER eg ier er SEN io eat eet Puaahtane bas SOLO;OUU 


As shown in Table 1, much of the natural gas is rich in gasoline, owing 
to long years of application of vacuum to casingheads. However, the 
average gasoline content of total natural gas processed has been decreas- 
ing steadily since 1915, because of the increasing volumes of gas treated. 
This is due to the relative growth of the absorption process at the expense 
of the compression. Natural gasoline was extracted from nearly fifty 
billion cubic feet of natural gas in Pennsylvania last year at an average 
yield of 0.3 gal. per thousand cubic feet. 


APPLICATION OF SCIENTIFIC KNOWLEDGE 


It should be emphasized that the important development work 
accomplished in 1933 in Pennsylvania was not of an exploratory nature 
but rather an application of scientific knowledge and methods toward 
the solution of the great economic problem of the oil-producing region, 
namely, the profitable operation of partially depleted reserves at current 
prices for crude. This has meant intensive study and appreciation of 
local conditions for (in many instances) the first time, elimination of 
marginal and submarginal territory, betterment of the physical condition 
of wells and equipment, elimination of waste in effort, materials and 
product, and the increased application of sound methods of secondary 
recovery to the more prolific leases or portions of leases. It is felt that 
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the day of the haphazard, take-what-may-come producer is approaching 
its logical end. 
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_ Oil and Gas Production in Tennessee in 1933 


By L. C. Gumenn,* NaAsHviuLe, TENN. 
(New York Meeting, February, 1934) 


TuE account of oil and gas production in Tennessee, and of the geo- 
logical factors related to such production, as given by the writer! a few 
years ago needs to be supplemented by brief statements as to production 
and development to bring it up to date. Activity in searching for favor- 
able geological structures or in drilling given areas has never been com- 
parable to the intensive work done in states of large production. It is 


not possible, therefore, to prepare a statement giving the details that 


may be readily available in such states, but instead one must be content 
with more general statements. 

In the past 10 or 12 years there has been a moderate amount of drilling 
for both oil and gas widely scattered over the state. Of much of this 
there is no available record. Morgan, Clay, Scott and Pickett counties 
have had more oil-drilling activity than any other counties, and likewise 
they have had almost all of the oil production. In Scott and Morgan 
counties production centers about Sunbright and Glenmary, the oil 
coming from the St. Louis limestone at a depth of 1200 to 1500 ft. Wells 
usually are small but generally hold up well. 

In Clay, Pickett, Fentress, Overton, Macon and Sumner counties 
there is a large area in which there are many small structural domes, 
some of which have been drilled. Wells vary from a few barrels to several 
hundred flush production and last for some years. The oil comes from 
porous weathered zones, mostly in the Trenton division of the Ordovician, 
though some comes from lower horizons beneath one or more bentonite 
beds that serve as horizon markers and are known as the ‘‘pencil cave.” 

Wells recently drilled in the Central Basin and in the Western High- 
land Rim have been dry or have had only shows of oil. The horizons 
tested are also usually Ordovician in the Central Basin and usually 
either Ordovician or Mississippian; occasionally also Devonian on the 
Highland Rim. 

In the Gulf Embayment area of West Tennessee there has been but 
little activity. A well near Ridgely said to be over 2200 ft. deep is 
supposed to have entered Upper Cretaceous sands and clays in the lower 


* Professor of Geology, Vanderbilt University. 
1L. C. Glenn: Oil Fields of Kentucky and Tennessee. Trans. A.I.M.E. (1921) 
65, 122-139, and Oil Developments and Prospects in Tennessee. Amer. Assn. Petr. 
Geol. Bull. (1921) 5, 168-172. 
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In the Rink vecnee area Rivtiee creep ete 


there from time to time. Careful geophysical work there might rev« 
oil areas similar, in general, to that at Smackover, Ark., for the sectio: 
rocks must be closely similar if not identical, down fon 2000 or 3000 ft. 
especially in the general ger of Memphis and for some distance north — oe 
and east of there. ss , 
Formerly the crude oil was shipped by tank car, pipe line or river . 

barge and statistics of production were reasonably complete and reliable. 
For the last few years, however, there has been a marked tendency to | 
install small, local skimming or topping plants in the fields and market 
locally the gasoline produced. Shipments of crude out of the state have 
been correspondingly curtailed, and for several years it has been impossi- 
ble to secure satisfactory figures of production. Producers do not answer ~ 
requests for such information and no law compels them to do so. Table 

1 gives as accurately as is now possible the past production of the state, 
the last three years being based on very fragmentary data. 


TaBLE 1.—Production of Crude Oil in Tennessee (1866-1933) 


BARRELS 
1866-1867 Spring Creek field, Overton Co................. 20,000 
1866-—1877,..Hagle Creek; Pickett, Co... .. 44. 32: ifs -mus onto. ¢--,) 1,000 
1866-1885 Jones Creek, Dickson Co....................+5 500 
1892-1906 Spurrior-Riverton, Pickett Co.. a: ies Raed ee LOO 
1916 Statetotal ow. f: lo, Pee een, See 677 
1917 State total:..U2e. Get Si VUE. Ae ae 1296 
1918 Stateitotal:c i, ue evt) . nee. Soda 8st. 
1919 State total iomy cat. ape tae con eee eMC 
1920 State, tote ao sae maw. ols epg eee ee ne ee 
1921 State Totals» “ena vccscsci as oo:oilstancbn cosee akegeee aon eee Ee 
1922 State totally J'V" ANS 2 o8k Se ORs Se ePAy SNEED RG 
1923 Statetotall eet J. RE, As. BSB I60e 
1924 State total... if. agoral ignes? Rackers 8,500 
1925 Scott Co., Saison roa Pe ee Ramm ee SR 
1926 Clay Co., Scott Co., Mora, Co painting oe ao nCoO 
1927 Clay, Pickett, Soott, Morgan bouhties: Sanne Sees ROO 
1928 Clay, Pickett, Scott, Morgan counties.......... 46,983 
1929 Clay, Pickett, Scott, Morgan counties.......... 19,776 
1930 Clay, Pickett, Scott, Morgan counties.......... 21,080 
1931 State total, estimated... 6... . sisi. sys oe Os Sees DREROOO 
1932 State total, estimated, «oc... oc. as neupeeeeee, pLesOOO 
1933 State total, estimated... cto eee ee a OOO 

412,336 


Gas occurs near Sunbright and Glenmary at the same horizons as the 
oil there. Some wells have two to three million feet open flow with 
closed pressure of 150 to 200 lb. Plans are being made to pipe the gas 
to several near-by towns and to Knoxville. Additional drilling is neces- - 


a 
Vas 
eet, aa is re Sasa Ae fons Cenc 
ally low. Such wells are found near Red Boiling Springs, 


4 


‘lle, Sparta, McMinnville, and Smithland. There is not enough 
e1 ae ee siete wells to determine their life or probable sy og or to 
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Ho asics a redid 9 : 
_ Petroleum i in the Central Texas 
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Dritiine in Central Texas during 1933 was confined, for the 
part, to the search for new serpentine plugs. Bastrop oncie led 
particular activity, with 50 completions during the 12 months’ 
12 of which were productive. Only one new field was opened in ram 
Texas during the year, it being known as “Hilbig” (Bastrop County) ¢ nc 

was discovered by the Humble Oil & Refining Co. The finding of com- 
\ mercial production in the serpentine at 2500 ft. led to further pene 
this and surrounding counties, but without success. cae 
Bexar County actually provided the greatest amount of drilling but 
the activity was limited to shallow development from 400 to 2000 Ro 
The Edwards limestone pay, which has been such a factor in past years, — 
received but slight attention during 1933. Unsuccessful exploration was 
carried on in Lee and Burleson counties. With the exception of Freestone 
County, the Woodbine sand area was given even less consideration. 
This county, because of its close proximity to Anderson and Leon counties, 

saw a very active leasing campaign and several important tests drilled. 
In Central Texas, 252 wells were completed in 1933, and of this num- 

ber 52, or 21 per cent, were productive. 


Hitpie Fre tp 


The discovery well, Humble Oil & Refining Company’s Annie Hassler 
No. 1, was completed Feb. 16, 1933, for an initial production of 65 bbl. | 
the first hour, through tubing and 14-in. choke. The production was 
found in serpentine at 2468 ft. and tested 37.2° A.P.I. gravity. Twelve 
producing wells were drilled during the year and served to indicate that 
not more than 300 acres would comprise the entire field. Daily produc- 
tion at the end of the year was 775 bbl., although the field potential was 
18,240 bbl. daily through 1-in. choke. The field adapts itself to pressure 
maintenance, and this scientific handling is being undertaken by the 
Humble Oil & Refining Co. through one injection well. It is the only 
area in the district where work of this nature is under way. 


PRORATION OF OIL 


The more stringent application of proration in 1933 did not affect 
materially the producing fields in Central Texas. This is accounted for 


* Assistant Manager, Texas Producing Division, The Pure Oil Co. 
t Chief Scout, Texas Producing Division, The Pure Oil Co. 
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a of wells from heavy reductions applied in flush fields of the state. Darst 
: Creek with a potential production of 130,250 bbl. per day and Salt Flat 


with an estimated 6472-bbl. daily potential, during the latter part of 
the year were producing 9420 and 4720 bbl. respectively. These fields, 
together with Hilbig, were the only areas feeling the application of the 
reduced allowables. 


DRILLING AND PRODUCTION PRACTICE 


As during previous years, the use of rotary tools for drilling continued 
to predominate, the only exception being the use of spudders for the 
shallow development in the San Antonio area. Deep drilling to Trinity 
sands was not undertaken, so the district failed to see the improved 
rotary machinery and modern deep well practices now being developed 
in other sections of the state. It is expected, however, that in the near 
future Central Texas will be explored profitably below the present 
producing horizons. 

Low crude prices during the year caused many operators to seek more 
economical means of pumping, with the result that many central powers 
were installed even in fields formerly considered only suitable for standard 
rigs. Back-cranking was resorted to by some operators not desiring to 
construct powers. 

Few areas in the state produced larger quantities of salt water with 
the oil than did those fields comprising the Woodbine fault zone of 
Navarro, Freestone and Limestone counties. Operators in the Powell 
field, for example, handled an average of 27 bbl. of salt water to recover 
one barrel of oil. In the Mexia field the average was somewhat less, 
being 17 bbl. of water per barrel of oil. Despite these high operating 
costs, most producers were able to come through the year with relatively 
few abandoned properties. 

The use of acid for treatment of dolomitic and limey formations 
resulted in many substantial increases in oil production. The Edwards 
limestone fields reacted more favorably to acid treatment than the other 
producing horizons. By this method production of oil and water was 
increased in a number of wells in Luling, Salt Flat and Darst Creek fields 
during the year. Itis anticipated that further work of this nature will be 
attempted during the coming year. 

No casinghead gasoline or vacuum plants were constructed dur- 
ing 1933. 

Although relatively inactive during 1932 and 1933, because of devel- 
opment in Southwest Texas, particularly Duval County and continued 
drilling in the proven area of the East Texas field, Central Texas wild- 
catting and field development has been curtailed. Generally improved 
conditions in the petroleum industry, with better crude prices now prev- 
alent, will result in much increased activity during 1934. 
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Perea 1 —0il i Gas 
3 Field, County End . : 
: To End of | During» 
of | Oil | Gas Total at | 
3 1933 ae 1932 
4 
1| Somerset, Atascosa, Bexar...........++- 21 11,390 0} 11,390] 9,257,613 366,275 
2 | Hilbig, Bastrop Re ae nea ore ie 1 250 0} 250 214,154 0 
3 Schiremel- Batts, Bastrapess ss ee 2.5 50 0 50 3,000 800 
4| Yost, Bastrop.......000--++.000eeeeeee 5 97 0 97 775,168 50,370 | . 
5 | Alta Vista, Berar.......... ah Stems 18 300 0} 300 98,500 3,650 
Alta Fish Mea Chalk1.2 
6i/\Cooksey, :Berah.P aries sass seiscky » see 4 50 0 50 50, 27,762 
bis Orel ecg dL fo EHRs ae RIE Phe SE Pied 640} 80) 720 415,741 06,355 
8)| Gas Ridge, Berar s34 jr). vesnet 2 - 21 60} 300) 360 52, 5,120 
9)" Mission,? Berar... dese. feo anes 223 200 0 63 0 
10 | Yturri-southon, Berar.............-- jae 1165 500 0 
11 | Branyon, Caldwell...........00020000%8 2.5 20 0 
12'| Buchanan, Caldwell............0-..5-+: 4.5 75 0 
13 | Dale, Caldwell.........-...0% preg) Alas 6 175 0 
14] Dunlap, Caldwell 0.3.2 en ono ene 2.5 25 0 
15 | Larremore, Caldwell.............--.-.-- 5.5 50 0 
16 | Luling, Caldwell, Guadalupe............- 12 2,130 0| 2,130} 57,926,218 | 2. 649,123 
17 | Lytton Springs, Caldwell oincao as sini asec 8 1,360) 0 
18 | Lytton Springs Towels, Caldwell...... 5 50 0 
19'| Salt Plat, Caldwell ccc si0<0cem ooeecis=4 5.5 | 1,195 0 
20 | Chilton, Halls perie bt bas ote eae A 11 40 0 
21:1 Marlin: /Fallesct 2300 dante os SP ase oe 2 10 0 
22 Wortham, Freestone, Limestone........ 8 715 0 
23° |Ottine.? Gonzalesinial. oa. delete ce tb oe 58 10 0 
24 | Darst Creek, Guadalupe............--.- 4.5 | 1,670 0 
25 | Manford, Guadalupe See Pee areret 3.5 20 0 
26 | Bains Creek, Limestone..............-.-| 9 0} 60 
27 | Cedar Creek,” Limestone...............- Tv 25 0 
28 | Kosse,® Limestone...............-....++] 18 10 0 
OG) | Mexia; LAmestone..<x..:...+ nissan he scans 13 3,920 0 
30 | Nigger Creek,® Limestone..............- 8 170 0 
31 | South Bosque, McLennan.............. 31 5,300 0} 5,300 74,400 8,400 
2 | AGRINS. COMME. cra ciu's «)e)sisiue tots tele eas 9 0} 2,000} 2,000 0 0 
33 | Chacon Lake, Medina.................. 3 350} 225} 575 3,500 1,500 
Chacon Lake—Shallow? 
84 | Ina, Medina bts 3: sainraies donation 10.5 310 0 140,350 5,400 
$5 | Taylor Pool, Medina, o<d.0co0 cts deen bei 8.5 30 0 23,768 2,928 
36 | Minerva-Rockdale, Milam.............. 12 4,000 0 3,017,639 101,881 
37 | Angus, Edens, Hodge, Navarro.......... 18 900 0 1,534,052 14,020 
BS | Burke, N aware. cn setieons ea 6 oat 18 250 0 306,460 4,820 
39 | Chatfield,!9 Navarro....................] 2910 0} 150 0 0 
40 | Corsicana, Navarro...........0.0.0005> 37 2,400 0 4,662,700 42,110 
| Cured, NG 0are cae veh ta 19) ana ia nines 11 475 0 6,558,500 180,645 
42 | Mildred or Elm Ridge, Navarro......... 33 2,500 0} 2,500 5 778,373 57,370 
A3 | Powell, Natarra...sisicses eslaaee tienen ne 10 2,600 0 2) 600 108) 964,830 979,645 
44 | Rice-oil Ridge, Navarro................ 17 660 0} 660) 1,115,675 10,840 
Ab | Richland, NGvarr oii: sejei.< 000 omen 9 440 0 440 6,581,600 21,900 
46 | Witherspoon-McKie, Navarro.. 19 400 0} 400 806,195 8,790 
47 | Woodbine Area Shallow Field, Navarro. | 9 750 0} 750 736,580 38,610 
48 | Chapman, Williamson...........+++++: 4 350 0} 350) 3,528,535 431,739 
49°) Thrall, Wilhamaon. osvce: orcs eres uke. 19 475 0 475) 2,324,162 22,992 
60;| 1) Total tn sed eines meen ae 47,397| 2,815) 50,212|269,927,012 |15,533,961 |11,229,576 


PETROLEUM IN THE 


1 No production now; depleted. 


2 Consolidated with preceding line except as to the few entries on this line. 


3 Discovered 1912. Life 16 years; depleted. 
6 Discovered 1929. Life 6 months; depleted. 
7 Discovered 1927. Life 4 years; depleted. 


8 Discovered 1922. Life 8 days; depleted. 
® Discovered 1926. Life 5 years; depleted. 
10 Discovered 1905. Life 5 years; depleted. 
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Taste 1.—(Continued) 


| Average Oil Production, Total Gas Producti 5 
Bbl. Millions Cur Number of Oil and/or Gas Wells 
During 
Peey Pee} ES, Mace | Comet a l88 At End of 1933 
Acre | Acre- To A a mum | pleted 
to | foot to | Daly | ind of | Purine | Dares! Daily Es 
End of | End of | Wave | 1933 during | End of | ‘8 | § | Tem- 
| 1933 | 1933 | “foa9" 1933 | 1933 |S | § | porarily | Produc- | Produc-| Total 
EI 3 Shut | ing Oil ing Gas | Produc- 
j : a Down | Only nly ing 
pee ete | eiwereets tani Sel ae se Welt de ee eee 
813 20 1 0 0 0 0 1,045 | 2] 81 75 823 0 
857; = | 65 0 0 0 | 0 12 {42} Ot “oO 12 0 ie 
60| = 2 0 0 0 | 0 3} o| o| Oo 3 0 3 
7,991 EZ 9 0 0 0 0 12) 0; 0 0 12 0 12 
328; 14| 0.5 0 0 0 | 0 35| 0| o| oO 18 0 18 
1,008; 101] 3 0 0 | 0 15 | 0] o| oO 15 0 15 
650| 65 | 6 | 2,645 | 447 | 300 | 1.5 | 124] 15] 3] 20 85 6 il 
881 | 59 2 8,000 | 248 202 0.7 120 | 0} 12 18 6 55 79 
315 13 0 0 0 0 0 32 | 0| 0 0 0 0 0 
1,028} 103 1 0 0 0 0 115} 0] 3 28 78 0 78 
3,161 x 18 0 0 0 0 2\10; 0 0 2 0 2 
1,848 x 11 0 0 0 0 6| 0} 0 0 5 0 5 
6,255 x 29 0 0 0 0 38 | 0} 0 10 25 0 35 
8,531 853 14 0 0 0 0 5 bel ee | 0 4 0 4 
3,919 112 | 10 0 0 0 0 12| 0] 0 0 6 0 6 
27,195 Ti7 13 0 0 0 0 544 | 0| 29 32 479 0 511 
5,602 z 3 0 0 0 0 295 | 0; 18 184 0 202 
122 z 1 0 0 0 0 3] 0} 0 0 1 0 1 
25,344 | 1,267 | 21 0 0 0 0 353 | 0 | 23 5 241 0 246 
2,940 588 8 0 0 0 0 3| 0} 0 0 2 0 2 
1,000 50 5 0 0 0 0 2} O-F 0 0 2 0 2 
31,267 893 8 0 0 0 0 322 0} 3 0 14 0 14 
1,200 80 0 0 0 0 0 1 0] 0 0 0 0 0 
17,221 906 | 36 0 0 0 0 261 0} 10 15 246 0 261 
16,441 822 18 0 0 0 0 4\9'0'| 0 0 3 0 3 
0 0 z x x 0.5 5 Oy 1 1 0 2 3 
11,918 | 1,702 0 0 0 0 0 14-10%) 0 0 0 0 0 
300| x 0 0 0 0 | 0 Ther a) Be 0 0 0 
23,556 471 8 0 0 0 0 550 | 0 | 10 3 286 0 289 
17,640 | 1,764 0 0 0 0 0 75 0; 0 0 0 0 0 
14 4 0.4 0 0 0 0 123 | 4] 0 28 60 0 88 
0 0 0 |10,761.4| 437 386 2.5 45 : Ol ae 0 0 16 16 
10 x 2 1,900 537.5] 273.7| 0.7 25 8] 0 0 20 5 25 
453 30 2 0 0 0 0 80 |) O} 2 2 10 0 12 
792| 53 | 4 0 0 0 | 0 Bab Able 2 0 2 0 2 
754 50 0.5 0 0 0 0 575 | 0 | 37 33 451 0 484 
1,705 95 0.8 0 0 0 0 205 | 2 | 18 14 44 0 58 
1,226 111 1 0 0 0 0 8 | 0; 0 6 13 0 19 
0 0 0 4,750 0 0 0 15} 0} 0 0 0 0 0 
1,943 130 0.4 0 0 0 0 1,280 2 | 55 26 249 0 275 
13,807| . 690 | 11 0 0 @ 70 54| 0] 8 2 14 0 16 
9'311| 144 |. 0.5 0 0 0 | 0 1,270 | 2) 50] 56 258 0 314 
41,910 | 1,048 16 0 0 0 0 821 0 | 29 12 179 0 191 
1690} 141 | 0.6 0 0 0 | 0 95 | 0|16| 18 50 0 68 
14,958| 748 | 16 0 0 0 0 107% O97 0 2 0 2 
2,015 155 0.6 0 0 0 0 85 0} ll 8 34 0 42 
982 655 2 0 0 0 0 18518} 2 | 36 21 49 0 70 
10,082) 9 0 0 0 | 0 110} 0/15] 15 76 0 91 
4393 | = 5 0 0 0 | 0 eee pes ene 9 0 re 
28,056.4| 1,669.5) 1,351.7) 5 9 9,138 | 52 |482 | 468 4,072 84 4,624 


b Footnotes to column headings and explanation of symbols are on page 175. 


18 Includes 50 Woodbine depleted wells p 


lugged back and casing ripped to produce shallow oil. 
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2 x z | 33.5 | 33.0) 
200 | 170} 160} 34.5 | 33.0 
220 | 150 | 140} 23.0 | 21.0 
2 2 z | 28.0] 27.5 
=) z a | 32.5 | 31.4 
z Es a | 37.5 | 37.5] 
z £ me 37.0 | 35.0 
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Taylor, Navarro 
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Austin Chalk 


Taylor Sand 

Navarro 

Taylor Sand 

Navarro Sand and 
Shale 

Navarro Sand 


Crevice, Top Austin 
Serpentine 
Serpentine 

Austin Chalk 


Edwards Ls 
Serpentine 
Serpentine 

Edwards Ls 

Buda or Georgetown 


Buda or Georgetown 
Woodbine 
Taylor Sand 


Edwards Limestone 


Woodbine 
Woodbine 

nknown 
Woodbine 
Woodbine 


Basal Walnut 
Escondido Sand 
Serpentine 
Navarro, Taylor 
Escondido Sand 
Sand 


Upper Navarro 
Nacatoch, Corsicana 


Nacatoch Sand 


Taylor Sand | 
Nacatoch, Corsicana 


Woodbine Sand 


Woodbine ; 
Nacatoch Sand 
Woodbine Formation 


Nacatoch Sand 
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Deepest Zone Tested 


to End of 1933" 
pase 
0! 
Name Hole, 
Ft. 

Trinity Sand 5,311 
Serpentine 2,715 
Top Austin Ch| 2,001 
Austin Chalk | 2,066 
Trinity Sand 4,535 
Edwards Ls 2,250 
Edwards Ls 1,590 
Glenrose Ls 2,250 
Glenrose Ls 3,550 
Glenrose Ls 3,850 
Edwards Ls 2,450 
Edwards Ls 2,483 
Edwards Ls 2,661 
Edwards Ls 2,420 
Glenrose Ls 2,150 
Schist 7,859 
Edwards Ls 2,292 
Edwards Ls 2,050 
Edwards Ls 2,918 
Glenrose Ls 2,025 
Glenrose Ls 1,409 
Glenrose Ls 4,825 
Edwards Ls 4,281 
Edwards Ls 3,200 
Edwards Ls 2,800 
Woodbine 3,208 
Woodbine 3,310 
Glenrose 6,050 
Trinity Sand 6,090 
Woodbine 3,509 
Basal Trinity | 1,800 
Edwards Ls 2,289 
Edwards Ls 1,725 
Edwards Ls 2,048 
Escondido 8. 1,250 
Edwards Ls 5,000 
Woodbine Sand} 3,335 
Woodbine Sand} 3,356 
Woodbine Sand} 3,057 
Woodbine Sand| 3,408 
Woodbine Sand| 3,300 
Woodbine 3,570 
Glenrose Ls 4,753 
Woodbine 3,086 
Glenrose 5,415 
Woodbine 3,480 
Glenrose 4,753 
Edwards Ls 3,236 
Trinity 3,290 


11 Taylor Marl, Austin Chalk cavities and Edwards Limestone. 


12 Nacatoch, Corsicana Sand, Taylor and Navarro. 
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1 No production now; so small and short-lived, not recorded as field. 


Development and Production, East Texas District 


By A. R. Denison,* Fort Worts, TExas 
(New York Meeting, February, 1934) 


Tue area discussed in this report comprises a group of 38 counties 
lying in the northeast corner of Texas. It covers all, and extends beyond, 
the borders of what is commonly described as the East Texas Basin. It 
includes two major oil fields, Van and East Texas; two major gas fields, 
Bethany and Waskom; and a number of fields, both oil and gas, of lesser 
importance. All commercial ‘oil production comes from beds of Upper 
Cretaceous age and almost exclusively from the basal member, the 
Woodbine sand. Gas is produced from both Upper and Lower Cretaceous 
beds with the newer production from the older beds. 


DEVELOPMENT IN FIELDS 
East Texas Field 


This field in 1933 continued as in 1932, although to a much less extent, 
to dominate the drilling and production situation throughout the oil busi- 
ness. The 2466 producers completed in this field during the year are 
28 per cent of such wells completed in the United States. The 2556 com- 
pletions reported in the five counties within which the East Texas field 
lies are 21 per cent of all such wells reported in the United States. It 
follows that with such a command of the development situation, every 
other factor with regard to this field has an important bearing on the 
entire oil business. As a consequence, the important developments in 
the East Texas field are the important developments of the year. 

Very little new productive territory was added to the already known 
limits of this enormous field. On the other hand, drilling has shown that 
with a few very minor exceptions this field is a continuous productive 
area, with a regular outline and no “‘dry spots” other than that of a single 
well surrounded by producing wells. 

Drilling was confined to the already proven limits of the field. This 
consisted essentially of more adequate coverage of leases by wells, the 
meeting of required offsets and the drilling of a large number of small 
tracts which developed from subdivision of larger leases due to court 
action and other causes. The allowable throughout the year was, with 
minor variable factors, on a per-well basis. With the steady decline in 
per-well allowable after May, every operator was faced with declining 


* Amerada Petroleum Corporation. 
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oar and turned to additional drilling i 0 
Every pretext, legal or otherwise, was called spar | 
tracts to enable them to get more mae drilled. erie 


second week in April, when 18 locations and 18 BS were reporte 
Development remained at about this rate until June, when a new drilli 
campaign was instituted. The number of operations rose rapidly — 
during September, October and November, were nearly stationary at an — 
average of 75 new locations and about an equal number of completions 
per week. At the close of the year new operations were decreasing slightly 

but gave evidence of continuing into 1934 at a high level. On Dec. 31 

there were 11,875 completed wells on 116,125 acres or an average of one 

well to 9.7 acres. 

Early in the year the Texas Railroad Commission revised the spacing 
rule in so far as it called specifically for only one well on 20 acres. The 
distance from property lines and between wells on offset tracts remained 
unchanged. This brought the regulations more in harmony, as foot 
measurements had called for 10-acre spacing since the first order was 
issued. ‘‘Exceptions” to the footage rule were freely granted from the ~ 
early history of the field. The exact number is not known but it is 
estimated that from one-half to two-thirds of all wells in this field are 
closer than the standard distance of 330 ft. to the property line and 660 ft. 
between wells on the same or offset leases. 

Drilling costs continued to drop during the year, the average contract 
price being $1.45 per foot or an average of $5300 per well. This was in 
part offset by higher cost of labor and equipment, but a substantial 
saving still remained over the average completion of 1932, which is 
estimated at $15,000. 

The excessively high withdrawal during May and June caused a rapid 
decline in the average bottom-hole pressures, so that on July 1 it had 
reached 1220 lb. It was freely predicted that, if such a rate of decline 
continued for the remainder of the year, two-thirds of the wells in the 
field would be pumping by January, 1934. This situation, coupled 
with the low price of materials, led many companies to commence installa- 
tion of pumping equipment. This movement was further accelerated 
by the features of the N.R.A. Oil Code, which required higher labor costs 
for installation and pointed toward higher costs for materials. It is 
estimated that at least fifteen million dollars worth of pumping equip- 
ment was bought and largely installed during the current year. Produc- 
tion was gradually curtailed after June, and after the daily withdrawal 
had come below 600,000 bbl. per day, the average bottom-hole pressure 
not only ceased to decline but actually increased to 1260 lb. in December 
with evidence that such increase would continue at least a short time 
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iversity of opinion is now prevalent as to the flowing life of the field. 
On Jan. 16, 1933, a check showed 155 wells making water, 18 tempo- 
_ rarily dead and 216 pumping wells. The number of all three classes of 
wells increased notably during the ‘million a day” production of May 
go that on June 1 there were 285 wells making water, 165 dead and 
333 pumping. With the reduction in withdrawals and adjustment and 
increases of bottom-hole pressure, many dead wells again resumed flow- 
ing. This was true in part of some wells making water but the effect 
of the heavy withdrawals overcame the recuperative factors and in 
December there were 654 wells making water, of which 150 were on the 
east side of the field and making fresh or brackish water due probably 
p.. to faulty casing. The number of pumping wells at the close of the year 
had increased to 556 with 50 additional wells on gas-lift. Twenty dead 
wells were reported, which probably represented the number in process 
of putting on the pump. 


Van Field 


Drilling in this field continued during 1933, but at a much reduced 
rate. At the close of the year the field had an average of 11 acres for each 
_producing well, which is less density than in the East Texas field. With- 
out doubt, it will be necessary to drill many additional wells to obtain 
complete recovery from the great thickness of productive sand present 
in this field. The producing limits of the field were not extended in the 
Woodbine sand, hence all drilling was confined to offsets or inside loca- 
tions on proven leases. 

In April commercial production was established in a shallower sand 
than the regular productive horizon of the field. This was not strictly a 
new discovery although it extended the productive area of the field to the 
north. Wells that had been drilled for Woodbine production, which were 
low and dry, had good shallow showings. Several wells were completed 
good for five to more than 40 bbl. per day at depths ranging from 1200 to 
1300 ft. in a sandy zone of Nacatoch (Upper Cretaceous) age. ‘The main 
producing area of the field has not yet been explored in this horizon, but 
from indications in the Woodbine wells, it is quite possible that shallow 
oil may be found over the whole field. The prospective horizons deeper 
than the Woodbine which showed promise in flank wells have not been 
further prospected. 


Other Areas 


Other productive areas in Hast Texas were extremely quiet, with no 
new wells at Boggy Creek or Bethany and only one gas well completed 
at Waskom. ‘Three producing wells at Boggy Creek were abandoned. 
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EXPLORATORY Drmuune = np tees iis 
Exploratory drilling during the year resulted in Sinton three 1 
productive areas and the elimination of one area that looked promising 
Long Lake Field—The Long Lake area is in the southwest virile 
Anderson County at a point where the Trinity River follows a broad — 
meandering course. This area attracted attention because of surface 
; geological evidence, drainage, and showings of gas in shallow wells. The 
. Tide Water and Seaboard oil companies jointly, after exploratory work — 
with the seismograph, located their No. 1 Long Lake Plantation. This 
; operation started in August and after testing gas in sand reached at 
5148 ft. was drilled to a depth of 5469 ft. in water sand and plugged back 
; to 5290 ft. It was completed Nov. 2 in a sand and shale section from 


5240 to 5290 ft. for an estimated 30 million cubic feet of gas and 1200 bbl. 


of oil per day plus salt water in quantities ranging up to 35 per cent of 


total fluid. Shortly thereafter the well was pinched in on a small choke 
and has produced only lease requirements of gas with an estimated 
100 bbl. of oil per day. Although a pipe line connection has been made, 
all production had gone to lease storage up to Jan. 1, 1934. A second 
well 1866 ft. west of the discovery was started early in November and 
completed Jan. 11, 1934, for an estimated 25 million cubic feet of wet 
gas. A third well 34 mile southeast of the discovery well was drilling 
at the close of the year. The structure is reported to cover more than 
10,000 acres and in all probability 4000 or 5000 acres may become produc- 
tive of gas and oil. The thin sand bodies producing in the first two wells 
and the preponderance of gas make the future oil production from this 
field uncertain. At present a large gas reserve is wise yaSE : but the 
oil possibilities are indefinite. 

Leon County.—Drilling on a unitized block operated by Shell Petro- 
leum Corporation in north central Leon County began in August, 1932. 
The first well, No. 1 Phillips, was completed as a dry hole in March, 1933, 
after having good showings of oil but testing salt water in sands of Wood- 
bine age. On the strength of showings in this well and after extensive 
seismograph work, a second test was started about two miles south of the 
dry hole. This well, No. 1 Beggs, started in June, 1933, proved to be 
much higher structurally than No. 1 Phillips. It tested gas only in the 
upper part of the Woodbine formation and was drilled entirely through 
this formation, finding the base at 6116 ft. It was plugged back from 
its total depth of 6140 ft. and completed in a sand and shale series from 
5808 to 5852 ft. making an estimated 30 million cubic feet of gas per day. 
Excellent structural conditions, demonstrated by the two wells finished on 
this prospect, are reported to cover more than 15,000 acres. How much 
area may prove productive of gas and whether commercial oil will be 
found are questions that cannot be answered without further develop- 
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ment. The sand bodies in the Woodbine formation are thin, varying 
— from 10 to 15 ft. and, as at Long Lake, appear to carry a preponderance 
of gas. At the close of the year two additional exploratory wells were 
being drilled. Pout 

DeBerry Area.—Renewed interest in prospecting in the central part 
of Panola County resulted in the discovery of small production from the 
Blossom sand near DeBerry. At the close of the year three producers 
had been completed, good for from 15 to 40 bbl. per day. The area has 
not had a pipe line connection and only a few hundred barrels have been 
taken out by trucks and tank cars. The area does not have evidence of 
becoming a large or prolific field. : 

Jamestown Area.—Early in 1933 a series of wells was started several 
miles north of the East Texas field, near Jamestown, in Upshur County, 
where a well had been completed for a small amount of oil in the Wood- 
bine sand in 1932. The discovery well soon went to water and the tests 
drilled near were all dry holes. This ended the last of the many areas 
surrounding the field, where high hopes were held by some that a new 
“shore line’ pool would be found. 

“ Wildcat’? Counties —Exploratory drilling continued active during 
the year in this district, with 31 of the 38 counties having one or more 
completed wells during the year. Particular interest was directed to 
Hopkins County, where a revival of interest in fault-line structures, 
originally prospected in 1924-26, accounted for eight completions. 
Henderson County also was active, with nine completions, largely in the 
central part of the county near the towns of Athens, Murchison 
and LaRue. 


PRODUCTION 
East Texas 


Production from the East Texas field during 1933, reported and 
estimated, totaled 211,586,118 bbl. from 11,863 wells. This sets an all- 
time world record for withdrawals from a single pool. Recovery to 
Jan. 1, 1934, reported and estimated, is 467,448,294 bbl., of which more 
than 60,000,000 is estimated. These figures indicate that 39,380 bbl. 
of oil have been recovered for each well completed to the end of the year. 
Of this amount 17,817 bbl. were produced during 1933, or a daily per-well 
average of 48.8 bbl. This figure seems high in view of the fact that the 
field has never been allowed to flow at more than a sinall percentage of its 
capacity to produce. The gross production to date includes many mil- 
lions of barrels, which were produced in excess of and beyond the allow- 
able fixed for the field, which increases the average per-well recovery. 

The estimated average daily production for the field rose, with a slight 
interruption in April, from 398,000 bbl. in January to a peak of more than 
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one million per day in May, then eae a hee 33,0 
December, falling under one-half million barrels for the last thre 
of the year. 

Production for the year was started on Jan. 1, uetoem a ata! i 
down in December, 1932, for the purpose of taking Bottenehols pressures - 4 
Results of these tests were not complete on Jan. 1 and the field was given 
a flat allowable of 28 bbl. per well until Jan. 10, when an allowable based — 
on 26 bbl. per day plus a factor of bottom-hole pressure above 1000 lb. 3 
was inaugurated. This remained in force for 59 days, until March 9, 
when the Railroad Commission Order on which the allowable was based 
was held invalid. A new order was issued giving a flat per-well allowable 
of 36 bbl. until March 20, when a new order was issued based on average 
sand thickness, bottom-hole pressure and per-well allowable. This 
method of computing allowable proved as unpopular with the operators 
as the previous one and the field was shut in April 6, remaining closed 
until April 23. Taking their cue from the Federal Court decision, which 
indicated that ‘‘capacity to produce” must be an important element 
in a proration order, the Railroad Commission divided the wells of the 
field into 273 groups and ordered a 2-hr. open-flow potential test taken 
on one selected well in each group. The average of the 2-hr. flow was 
taken as the hourly potential of all wells in each group. The result 
of these tests was to reestablish the tremendous potential productive 
capacity of the field. The highest hourly gage was 1048 bbl. while the 
lowest was 72 bbl. The average for the 273 wells tested was 537 bbl., or 
12,888 bbl. per day. At the time of these tests there were 9913 wells 
in the field, which gives the fantastic figure of 127,758,744 bbl. for the 
24-hr. potential. This figure perhaps is no more unreal than similar 
potential figures on other large pools, as, for example, Yates. 

The new order written by the Railroad Commission as a result of 
these tests set 15 per cent of the average hourly potential as the daily 
allowable of each well in the field. This totaled 798,888 bbl. daily and 
went into effect April 24. Using the same percentage, the allowable 
was revised, owing to added wells, on May 17 to 826,825 bbl. As indi- 
cated above, the reported and estimated production at this time ran far 
ahead of the allowable and was only confined to something over a million 
barrels per day by the physical inability of all modes of transportation 
to move a greater quantity of oil. A second potential test was taken in 
June but without a shutdown of the field. On this test 167 of the same 
wells used on the April test were used and these showed an average decline 
of 8.7 per cent, which probably was entirely due to the difference in | 
field conditions when the tests were made. Allowable orders for the field, 
based on potential flow alone, were subjected to Federal court tests 
and held valid, hence they were continued throughout the remainder of 
the year with the percentage factor being gradually reduced, until on 
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it was 5 per cent of the hourly potential of 7,535,780 bbl., making 
a daily allowable of 376,789 bbl., or an average of 31.7 bbl. per well daily. 
The severity of restriction under this latest order can best be realized by 
_ pointing out that a well capable of producing less than 400 bbl. per hour 
would have an allowable of less than 20 bbl. This would, however, 
restrict it to less than the marginal well allowable established by statute 
for any well having the average depth of East Texas wells, hence it is 
automatically classed as a marginal well and allowed to produce 20 barrels. 
The posted price of East Texas oil fluctuated widely during the year. 
Starting with 75¢ in January, it dropped rapidly to 10¢ late in April, rose 
to 75¢ early in July, receded to 50¢ on Aug. 1, again rose to 75¢ on Aug. 
25, only to drop the next day to 60¢, from which point it was raised 
successively to 90¢ Sept. 8 and $1 Sept. 30, remaining at this figure to the 
end of the year. The posted price was influenced by several factors, 
most important of which was the amount of oil estimated withdrawn, 
the low prices of 10¢ and 25¢ being coincident with the ‘million a day”’ 
production rate during late April and early May. During a large part 
of the time of low prices, postings by various companies were not uniform. 
Pipe lines being taxed to capacity, several companies elected to purchase 
only part of the allowed production of wells to which they were con- 
nected, running the remainder to storage. Many operators, likewise, 
refused to produce their full allowable during the extremely low prices. 
Throughout the year there has been excess oil produced in the field desig- 
nated as illegal or “hot” oil. This has always brought a price 10 to 50 per 
cent under the posting of major companies. During the time of high 
production large quantities of oil were sold for 5¢ per barrel and sales 
were-reported even as low as 3¢. The high withdrawals of oil from East 
Texas and resultant low prices forced down the entire Mid-Continent 
oil market to 25¢ in May and had a depressing effect on all oil prices 
throughout the United States. Improved demand and reduced with- 
drawals from East Texas combined to allow the entire market to rise in 
September following fluctuations in June, July and August. 
Enforcement of proration orders by the Texas Railroad Commission 
was not completely effective at any time during the year. During the 
early months, orders were successfully attacked in federal and state 
courts. The state enforcement laws were inadequate but were partly 
remedied by legislative acts during the year. Since the state can regulate 
commerce only within its borders, a large amount of excess production 
escaped state action by being classed as interstate. This oil was largely 
shipped by tank cars. In July the President issued an order banning 
excess oil from interstate shipment and the amount of oil moved by tank 
ears dropped from more than 125,000 bbl. per day to less than 5000 per 
day. Federal enforcement authorities were placed in the field in July 
and remained throughout the year. The state authorities, aided by 
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Field, County 


23 
: ee 
I) 
o 
Z bei 
o oo fe 
< Ei 
1| Nacogdoches, Na- | ie 
cogdoches........ 0 + 0 0] 
2| Caddo, Marion. . 980 0 7,463,030 50,021 42,602 
3 | Shelbyville, Shelby. 1574 50+} 0 50+ 55,901 0 0 
4 | Bethany, Panola. . 0 0 000 0 0 4 
5 | Waskom, Harrison. % 0 0 500 0 0 
6 | Boggy Creek, And- 
erson, Cherokee...| 634 200 200 3,886,273 378,034 290,664 577 
7 | Van, Van Zandt....| 449} 4,330 0| 4,330 58,126,438 17,321,231 17,225,296 | 37,318 
8 | East Texas, Rusk, 


Gregg, Upshur, 
Smith, Cherokee | 344) 112,125 
% 30+ 


4,000} 116,125 | 467,448,294+ | 156,109,346+ | 211,586,118+ 435,918 
0 30+ 1,000+ 0 1,000+ 15+ 


9 DeBerry, Panola... 
10 | Long Lake, Ander- ; 
BOUL Eek ots <b te 40+ 40+ 5,478+ 0 5,478+ 100+ 
Total. Seceh.Lbsse 117,645 |240 | 32,500] 150,385 | 536,988,914 | 173,858,632 | 229,151,158 | 474,035 
@ Footnotes to column headings and explanation of symbols are on page 175. 
1 This age applies to the first published date of exploitation. 
Average Oil Production, Total Gas Production, F 
BbL Millions Cu. Ft. Number of Oil and/or Gas Wells _ 
Duri 
Pa ie ae sated 1933 At End of 1933 
«| Acre | Acre- | Well ‘ ; acy (il Sr 
3| to Ena |, foot. | Daily To End | During | During Daily pleted > 5 
g| '°en4 |to End | during | of 1933 | 1932 | 1933 | 70 | toHnd | BS lEresl, 4 |eelez| ff 
eit iba 4, Lar 3 ins } Sh aS Sel a S85) 8 
© 933 g |sla2 5B 3 
2 E E\Ea| Oly [BEIES| 2 
ps | Oo ele Foi EA 
1 20 = 0 0 0 0 0 45+ 0 0 2 
2| 7,615 507+ 3 0 0 0 0 78 0} y| O 34 9 i - 
8} 1114+] 112+ 0 0 0 0 0 5 0} 0} 0 3 0 0 0 
4 0 0 0 90,655 | 11,040 7,930 25 333 yu) y 0 0 | 161 161 
5 0 0 0 39,020 2,131 1,736 5 208 li y| 0 0 0 83 83 
6 | 19,431 571 27 6,487 973 402 1.8 39 0} 3} 0 0 | 21 0 21 
7 | 13,424 50 97 14,964 4,910 5,269 16 397 28] 0} 7 385 0 4) 392 
r 4,169+} 148+ 38+ ak ee bet 28.2+ | 11,875 | 2,466) 0} 0 | 11,863 0 12] 11,875 
0 3 3] 0] 0 ‘ 
10 137 9 100+ x 0 F 2 z 2 2) 0) 1 | t 0 i 
164,826 | 24,322 | 23,142 76 | 12,985 | 2,500 3 8 | 12,285 | 22 | 260] 12,570 


2 All wells abandoned prior to 1900? All wells abandoned prior to 1923. 


Norrs with ReGarp To TasBiLE No. 1 


There appears to be very little information about any features connected with 
the development of the old shallow oil field in Nacogdoches County. Perhaps the 
most extensive reference on this field is in the Second Annual Report of the Geological 
Survey of Texas (1890). Other references are in Bulletin 1, University of Texas 
Mineral Survey, 1900 and in U. S. Geological Survey Bulletins 184, 260 and 282. 

Figures under Waskom and Bethany fields for producing horizons are for total 
depth of deepest producing wells and top of shallowest producing zone. Six or more 
horizons are known to produce gas in these fields, but the amount from each horizon 
cannot be calculated from the data available to the author. Gas from all horizons 
above 3300 ft. has a normal gasoline content. The deeper Glen Rose pay is extremely 
rich in gasoline. 
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Average Depth, Ft, | Hil Production Methods Character of Oil 


at End of 1933 Pressure, Lb. per Sq. In.¢ Approx. Average ' 
luring 1933 
i Gravity 
f Number of Wells Average at End of ALP. at 
| Bottoms of | To Top of ; 60° F. 
3 | Productive | Productive |--—--———_ |_ Initial 
y g Wells Zone : q g 3 2 =| 
a Flow- | Pump- | Gas- | y4: S| sO 
2 ioe | dng” | att, | Mise. 1932 | 1933 E E SS Z ols 
a Ie |e™ & 
if 100 80 0 0 0; 0 E 23 
2 2,366+ 2,300+ O| 34 on 0 z a | x |40+ - - 
3 2,700 2,600 0 0 0; 0 x y |M 
4 4,700+ 1,000+ 0 0 0; 0 y y y 
5 4,650+ 1,000+ 0 0 0| 0 y y 
6 3,666 3,632 0} 21 0| 0 650 40 | 88 |38.5)0.24| P 
7 3,000 2,500 318} 74 0; 0 1,250+ | 1,180+ | 1,165+ |36 | 33 |85 |0.8 | P 
8 3,665 3,632 11,249) 556 50 | 20+ 1,600+ | 1,3774 | 1,264+ /41.6] 38 |39 0.25) M 
9 | 2/087 1,990 ei ou! 3 z z | ae WPS 
3 10 5,275 5,178 1 0 0 0 2,150 2,150 42 42 |0.07/ P 
11,568] 685 50 | 23 ie 
td 
I nn 
i Character of Gas . Deepest Zone Tested, 
2 oka Average Producing Rock | | to End of 1933 
luring 1 
oO 
3 
Gal. gs 3 pes Depth 
=I B tu. * lal Ss 
OPE p | Gasoline Name Age | « £4 |. se 3 Name of 
f -|Cu. Ft. | Ro 5 Zita te eso Hole, | gx 
E Cu. Ft. s bl ae | 8 8 me Ft. | ak 
‘ = § g| fs |s ges Be 
& oF i=} S — 
3 ier | es B |g 5H |e? 
1 Cook Mt. Eoc | SH Por| 2 ML| 90+). Cretaceous | 5,485 | R,O 
2 Tokio CreU |S 20+ 15+|A Tangy y 0) 
3 Blossom CreU |S Por 10y |ML| 14 | Fredericksburg} 3,805 
4 }1,000+ y Nacatoch, Blossom, | Cre U 
Glen Rose, ete. |CreL | 8,SH,L| Por y A 39 | Glen Rose 5,860 | O 
5 | 1,000+ y Nacatoch, Blossom, | Cre U 
Glen Rose, ete. CreL|8,SH,L| Por} y A 16 | Glen Rose 4,980 |O 
6 | 1,500 4 Woodbine CreU|S,8s {25+ 34+|Ds | 43 | Woodbine 4,648 |O 
7 {1,100 2.5 | Woodbine CreU|8,SH |25 268 |AF| 46 | Trinity 7,501 | U,O 
8 | 1,550 2.3 | Woodbine CreU|S,SH (25+) 428+}MU| 76 Woodbine 3,894 | P,O 
9 Blossom Cre U | SH Por M7] ML 1 | Blossom 2,125 |O 
10 y y Woodbine CreU| 8 26 15 | a 1 | Woodbine 5,590 | O 
326 


es Oe 
4 Concerning this very vital factor there is wide difference of opinion among major companies. The estimates vary from 
18 to 45 feet. 


Gas-production figures for Boggy Creek are for both dry gas and casinghead 
gas. Both kinds of gas are processed through extraction plants and sold for 
commercial purposes. 

The gross production figure for gas in the Van pool is solely casinghead gas. No 
gas for commercial purposes is extracted from the dry gas wells in this field. 

Gross production figures for gas in the East Texas field are estimated from the 
capacity of casinghead plants alone. Dry gas has been produced commercially from 
one well in the gas area in the southern part of the field, but the figures of this 
recovery are not available. Extensive use has been made of some dry gas wells for 
drilling and lease requirements by companies owning these wells on other leasehold 

‘ in the field. No record is available of the amount withdrawn for these purposes. 


Se aceand Prior re Jan. 1, 1804 


Dry and/or Near-dry Holes 


Total Depths, Ft. 


ii 2 
6 
\ 4) 22) 18) 1 45 1; 3 4 
af 3} 3 7 
11] 20) 24) 4 62 2 i 3 
8} 9} 32) 21 70 23 2 5 
6} 2) 1 10 
2| 3) 8 15 is ie 
3} 6] 3 15 1 1 
5} 62} 10 17 2 2 
33] 16) 5) 1) 1 83 4 3] 1; 1 1 6 
3) 7] 50) 4 65} 5,823 2) 12 14) 1,248 
27) 18} 6) 2 59 208 2) 2 4 1 
; 10| 5) 22) 25) 1 68 9 9 
Hopkins... 009+): 4| 5] 4) 22) 4 39 Be Ue) ae 3 8 
Houston......... 1} 6} 10) 4) 3/1 25 1} 1 oY iia} 4 
Hunt.. 9) 7) 21) 2 39 2 1 3 
Kaufman........ 3] 4/ 15) 29 51 1 1 2 
Lamar icc. ss 4) 4 Teor 18 1 1 
f Leon ite iss ate es 4) 3] .4) 1] 2) 2 16 1 2| 2 Z 
Madison......... 3] 3] 2 8 2 2 
Marion.......... 4) 45} 15) 1 66 34 TN Ba 3 
Morris. . 1} 4; 4) 1 10 1 1 
Nacogdoches. Zee) <7] 14) Ohad 140 
Panola. . sue 2) 28] 18 43 2347 5 6 3 
4 Rains...... 2} 2) 5] 5 14 
Red River.. 1] 16) 15) 4) 1 37 1] 2 3 
Rockwall 1 1 
Rusk... .| 2] 8} 12] 55) 7 84] 4,620 2} 1) 14) 1 18} 955 
Sablmewnove g1.).s0 1} 5) 6 4) 2 18 1 1 
San Augustine L724] Ud 25 
Bhelby Maumiteste. < 2| 7| 26) 31] 5) 1) 1 73 6 3} 3) 1 u 
Smithy, fats ce.<. 7| 4} 13] 18} 19} 2 63 629 1) 2g 4) 114 
Titus. BL Bio 6 1 22 2 2 
Trinity: i. s4.. 2) 4) 2] 2] 4 rT Leah a 3 
UWpabt so cesc se 1} 4] 4] 46) 8 1 64 786 i at 8 10} 157 
Van Zandt....... 2} 13] 20} 50} 10} 2} 1) 1 99 397 5] 2] 4 6 laa ab 28 
Wd cacesanee.) 4) 8) “S) Ori? 38 $i 2 5 
Total eet ad 146)/286/378|582/171/21} 5} 2) 1,582) 12,915 8] 21] 27) 70) 22) 3 | 8 |154| 2,509 


1 Does not include shallow wells in old Nacogdoches field. 
2 Includes 11 oil wells in the Bethany field which are now aband, ed; also 3 oil wells completed in 1933 at DeBerry. 


better enforcement laws and by successful defense of proration orders 
in the federal courts were making progress in bringing the withdrawals 
somewhere near the allowable figures. The daily estimated withdrawals 
in December were within 30,000 bbl. of the allowable as compared witha 
difference of 200,000 in June. . 

Owing to the great size and large number of wells in the field, it will 
always be impossible adequately to police the field to prevent overproduc- 
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vent excess oil from getting into commercial channels. It is relatively 


__ simple to check allowable production against pipe line movement, hence 
very little excess oil leaves the field in this way. At the close of the year 
_ there were 56 refineries, large and small, within the field, which operate 
exclusively on crude from the field. They sell their product chiefly 


to tank wagons. It is believed that a large part of the excess oil in the 
field is handled by these refineries, and concentrated efforts have been 
made both by federal and state authorities to check the throughput of 
these plants. Fourteen of these small refineries hold injunctions against 
examination or checking by the constituted authorities. These refineries 
are served either by small gathering pipe line systems, owned wholly or 
in part by them, or by oil trucks direct from the leases. At the close 
of the year 10 of these small gathering lines were not reporting their 
movement of oil, having injunctions against such examination. A very 
useful weapon in controlling these elements has been the ability of the 
State Attorney General to throw the corporations in receivership where 
it could be shown that proper gasoline or gross production taxes had 
not been paid. Movement of oil by trucks largely by night has success- 
fully defied regulation. 


Van Pool 


This field, being practically a unit operation, produced throughout 
the year at exactly its allowable as set by the Railroad Commission. Its 
gross production to date puts it in the ranks of the outstanding major 
oil pools, but its position is somewhat dimmed by the proximity of the 
‘world’s largest oil pool. Per-acre recovery to date has been high, but the 
unusual thickness of pay sand clearly indicates that many thousands of 
barrels will be added to this figure before depletion. 


Miscellaneous 


Oil and gas production at Boggy Creek continued the normal decline, 
with all wells reaching the pumping stage. Gas production at both 
Bethany and Waskom showed declines over 1932, with little or no addi- 
tional drilling to obtain drainage or reserves. Oil production in the part 
of the Caddo field of Louisiana that extends into Marion County is now 
in the stripper stage and rapidly approaching exhaustion. 


SUMMARY AND OUTLOOK FOR 1934 


Drilling should remain active throughout 1934 in the East Texas field. 
If the rate of completions shown during the first weeks continues through 
the year more wells will be drilled than in 1933. Itis estimated that 3000 
to 4000 wells will be required to bring the well density on the large tracts 
to that on the small tracts. A total of 15,000 oil wells may be drilled 
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Developments on the Gulf Coast of Texas during 1933 


By L. P. Tras,* Houston, Texas 
(New York Meeting, February, 1934) 


In spite of the influx of operators into the Gulf Coast anxious to 
retrieve their depleted production in other fields, and in spite of very 
active application of the most scientific geophysical methods to locate 
new producing areas, the results have been very discouraging and the 
year has failed to produce more than the average results for a Gulf 
Coast year. 

During the year seven new oil fields, some of which are still of very 
little importance, and one new gas area have been discovered. These 
fields are Tom Ball, Greta, Cleveland, Raisin and Garwood in Colorado 
County; Louise and Premont in Jim Wells County, and the new producing 
gas area near Ace in southern Polk County. During the year salt has 
been found for the first time at Carlos and Esperson. New producing 
areas have been developed on East Stratton Ridge, Hockley, Hull, Port 


Neches, near Pettus in Bee County, and on the O’Connor Ranch in 


Victoria County. 

The total production for the Gulf Coast for the year was 62,837,435 
bbl., an increase of 18,589,000 bbl. over 1932. During the year, 1807 
wells have been drilled of which 207 were wildcats, compared with 653 
wells and 141 wildcats the previous year. The total daily production 
at the end of the year was 165,201 bbl. At present there are 3100 oil 
wells producing. The average production per well is 55.5 bbl. per day. 
The price of crude fluctuated considerably during the year, beginning 
at 80¢ per barrel and closing the year at $1.04 per barrel. Completion 
data for 1933 are as follows: 


Oil Wells Gas Dry Total 

Producing fields.......-...-.-- 919 28 153 ‘1100 
IWitlientien. Akivsoalikins +b lee Ot th 2 198 207 
Total srecctisy steel the tae fy be 926 30 351 1307 
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New Oi FIELDS 

Greta.—Perhaps the most outstanding discovery of 1933 was Greta, 

in Refugio County, 9 miles northeast of Refugio. Wingo Smith et al. in 


* Geologist, Humble Oil & Refining Co. 
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their No. 1 O’Brien oe a sand 6 
Heterostegina zone of the Middle One 
produced 586 bbl. of 21.5° Bé. oil on a }4-in. ohakas aD’ the 
months of the year development was very active, 86 wells were 
pleted and the limits of the field extended until it now embraces 
5000 acres. The field has not yet been fully defined. In the course of — 
the year the Nesral Oil Co. No. 2 Wilson Heard found a second producing _ 
sand, in the Frio, from 5911 to 5920 ft., which produced 400 bbl. on a <5 
14-in. choke. The gravity of this oil was 38.2° Bé. Toward the end 
of the year a third sand was encountered in United Production Company’s 
No. 5 Lambert, on the south edges of the field between 3490 and 3506 ft. 
This sand is in the lower part of the Miocene and produced in 
341 bbl. oil when blown with gas through tubing. 

The structure at Greta consists of a broad, slightly arched due, 
with local peaks and having at least 100 ft. of productive closure and 
possibly as much as 200 ft. of total closure. It is probable that some 
small faults exist. The higher parts of the field contain largeramounts 
of gas than desirable and in some wells it is necessary to case or blank off 
the gas. Several blow-outs have occurred in the field from shallower 
sands. The most troublesome gas sand occurs around 2100 feet. 

Tom Ball.—After a very active leasing campaign during the early 
part of 1933, the Tom Ball field, in northwestern Harris County and in 
the extreme southwestern part of Montgomery County, about 30 miles 
northwest of Houston, was brought in by Magnolia-Humble, in No. 1 
Jacob Kobs. The well produced initially 69 bbl. of pipe line oil (41° Bé. 
gravity) per hour through a 14-in. choke from a sand between 5549 and 
5569 ft. This sand is of Claiborne age, lying from 175 to 235 ft. below 
the top of the Cockfield and is equivalent to the main Conroe sand. 
Development of the field has been slow and orderly, principally because 
it was soon found that the oil-producing interval on the structure was 
not over 25 ft. thick and that a very much thicker gas cap lay above the 
oil. The sand section is not continuous but consists of four or five sands, 
from 5 to 50 ft. thick, separated by bodies of shale from 18 to 45 ft. 
thick. Unless one or the other of these sands is found within the thin 
oil-producing interval a gas well or a dry hole will result even though the q 
well may be located well up on the structure. 

The structure is a broad dome, having an uplift above normal of at 
least 800 ft. and indicating an area productive of either oil or gas of } 
10,000 acres. The dome is cut by several faults having displacements 
ranging from 65 to over 200 ft., which add to the difficulty of obtaining | 
good oil wells, although these faults have probably, by placing different 
sands in juxtaposition, produced general equilibrium of the oil, gas and 


water throughout the field and thus given rise to a fairly constant gas-oil 
level and oil-water level. 
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i  Clev toca Beiivnics the last week of thy year the Gulf Production Co., 
. in No. 1 Kirby Lumber Co., completed a very good well in the upper part 
: of the Cockfield fomidtlow: in 8 ft. of sand, approximately 30 ft. below 


- Upper Cockfield sand of both the Conroe and Tom Ball fields, with the 
Pettus sand, and with the upper part of the producing zone at Livingston. 
This well made 62 bbl. of pipe line oil (41.5° Bé.) per hour on a 3-in. 
choke from a depth of 5731 ft. The Gulf company has a very large block 
here, taken on extensive geophysical work. Little is known yet of the 
extent, character of the structure, or of the amount of producing sand, 
so it is impossible to gage its significance beyond saying that probably 
it will be an important contribution to the Coast’s galaxy of fields. 
~ Garwood.— Although a small gas well was brought in within the Gar- 
wood area in southwestern Colorado County in 1932, the Plymouth 
Oil & Gas Co., in its No. 1 Ream, 114 miles southwest of this gas well, 
completed, at a total depth of 6203 ft. in 13 ft. of broken sand, a well 
that made as much as 400 bbl. of 44° Bé. gravity oil for a few days. 
However, the well very soon went to water and was abandoned. This 
sand occurs 339 ft. below the top of the Cockfield, or 67 ft. below the top 
of the Upper Saline Bayou of Claiborne age. The discouraging thing 
about this area is the relative lack of any definite structure. 
Raisin. —In May, 1933, the Stonleigh Oil & Gas Co., in its No. 1 
Terrell, in western Victoria County, 6 miles southwest of Victoria, in a 
section of broken sand between 4395 and 4437 ft., tested 35 million ft. 
of gas with a slight spray of condensate. At the end of the year the well 
was making, with the gas, about 5 or 10 bbl. of 26° Bé. gravity oil. This 
sand is near the base of the Frio formation. One additional gas well 
has been completed in this area from this sand, although gas is also 
indicated in a 2200-ft. sand occurring near the base of the Oakville. 
Premont.—The Magnolia Petroleum Corporation in No. 2 Seligson, 
in southern Jim Wells County, completed a small producer from 4235 to 
4253 ft., making 80 bbl. of 23° Bé. pipe line oil daily. This area is about 
5 miles northwest of Premont and the sand is of Miocene age. 
Louise.—A rather active campaign has been conducted by the Pure 
Oil Co. during the year in southwestern Wharton County, about 3 miles 
southeast of Louise. Its No. 1 Stewart showed oil in the latter part of 
1932 in a sand from 5966 to 5976 ft. but was not successfully completed 
at that time, and the well was carried to 8015 ft., w here it was plugged 
back and a producer made that yielded 235 bbl. af oil of 36.6° Bé. gravity 
oil per day with 1.5 per cent water. This sand lies a little above the 
q middle of the Frio formation. This well, however, was not the first 
commercial well in the field. The first well actually completed was Pure 
Oil Company’s No. 1 Kountz, in November, 1933, from a sand between 
7128 and 7143 ft. very close to the base of the Frio, producing 200 bbl. 
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of pipe line oil daily on a 14-in. choke. The gravity of this oil was 
46.6° Bé. Shortly after completion salt water appeared. Prior to t the © é |i 
completion of this well Pure Oil Company’s No. 1 Houston, about 28 mile. a | 
southeast of No. 1 Stewart, while being brought in blew out and caught _ 
fire. While being placed under control it made as much as 500 bbl. of _ 
oil daily, with considerable water. This production is coming from a 2. 
third sand between 6441 and 6451 ft., and also in the Frio, approximately _ 


700 ft. above its base. 


New Sanps AND New Propucinac AREAS AROUND OLD FIELDS 


A number of new areas and new producing sands have been brought 
into the spotlight during the past year. Perhaps the most active is that 
on the south side of Hull where the Mirimar Oil Co., in No. 1 Phoenix 
Development Co., completed a well flowing 2000 bbl. of 35.3° Bé. oil 
through a 14-in. choke from a sand section between 3960 and 4344 ft., 
lying within the Upper Saline Bayou formation of the Claiborne series. 
As many as 13 rigs were active here at the end of the year. 

During the year the Texas Company enlarged the boundaries of the 
Manvel field. A new sand was discovered in Natali No. 1 between 5093 
and 5160 ft., approximately 160 ft. below the top of the Heterostegina, 
which made 42 bbl. of 28.2 Bé. gravity oil through a 3¢-in. choke per 
hour. The Texas Company’s No. 3 Ewing was completed in a Miocene 
sand from 3870 and 3889 ft., which made 16 bbl. of 25.1° Bé. oil on 
a 3¢-in. choke. 

In Bee County, Grisham et al. completed No. 1 Hatch, 3000 ft. west 
of the Tuleta field, at a depth of 4575 ft. in the Upper Saline Bayou forma- 
tion of Claiborne age. This well made as high as 300 bbl. for a day or 
two but has since been abandoned. 

The Amerada-Rycade completed No. 3 Seaburn on the east side of 
Stratton Ridge, and on the east side of a separate spine of the salt mass, 
which is known as East Stratton Ridge. This well made 53 bbl. of pipe 
line oil of 29.2° Bé. gravity on a 4-in. choke, but after a few days salt 
water appeared and the prospects of the area have dwindled considerably. | 

The Texas Company’s No. 1 Orange National Bank was completed 
from a new sand at Port Neches from 4767 ft., flowing 360 bbl. of 26.5°Bé. 
oil with 80 per cent water through a 14-in. choke, This well is 3300 ft. : 
south of the nearest production in the old part of the field to the north. ; 

In the O’Connor field in southwestern Victoria County, the Humble : 
Oil & Refining Company’s No. 10 O’Connor was completed in a new sand 
for this field from 3045 to 3103 Aes flowing 195 bbl. of 22.5° Bé. oil in 
10 hr. on a %-in. choke. 

At Boba Gulf Production Co., No. 3 Keeran encountered a new 
sand in the Frio between 5701 and 5705 ft., which flowed 684 bbl. of 
35° Bé. oil on a 54¢-in. choke. 


| 
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rere? oe oe 


Sept: 


L. P. TEAS 313 


Cranfill & Reynolds’ No. 10 Moore’s Bluff was completed in a sand 


between 7002 and 7077 ft. in the top of the Claiborne, flowing at the rate 
of 300 bbl. daily on a 3¢-in. choke, for a short time, with considerable gas. 
_ The gravity of the oil was 31.6° Bé. However, the well did not hold up 


and it was soon carried into salt at 7238 feet. ; 

Of considerable interest was the Republic-Houston No. 4 Ariola Fee, 
on the north side of the Ariola dome, which blew uncontrolled for a day 
or two from a sand between 4130 and 4220 ft. in the Middle Oligocene. 
The well is estimated to have made more than 7000 bbl. per day and » 
25 million cubic feet of gas while out of control. 

Approximately 2 miles southeast of Nome, in northeastern Jefferson 
County, the Sun and Shell, in their joint test on the Paggi property, 
showed oil and gas from 6005 to 6031 ft. in the lower part of the Middle 
Oligocene. It was impossible to complete the well as a commercial pro- 


- ducer but the showings were such that possibilities for a field in this area 


are indicated. 


OTHER DEVELOPMENTS 


During the year on the Coast of Texas two areas previously suspected 


to be underlain by salt were proved as salt domes. One of these was 


the Esperson dome, in Liberty County, where Cranfill & Reynolds’ 
No. 10 Moore’s Bluff found salt at 7238 ft., and the other was at Carlos, 
near the center of the west edge of Grimes County. Here the Humble 
Oil & Refining Co., in No. 1 Templeman, found anhydrite at 3849 ft. 
and salt at 4038 ft. 

During the year the Conroe field has been steadily developed on the 
basis of one well to 20 acres, until now there are over 650 producing wells 
in the field and the area proved producing is greater than 17,000 acres. 
Very little of it remains yet to be developed. The Thompsons field 
in Fort Bend County has also been practically entirely developed and 
its area is indicated to be greater than 3200 acres. 

At Hockley John Deering, No. 2 Warren on the northwest, encoun- 
tered sand from 2419 to 2429 ft., which initially produced 250 bbl. of 
30 Bé. oil, by heads, fromthe lower part of the Miocene. This is the 
first commercia production at Hockley in some time. Later develop- 
ments have not yet extended the area. 

At Fannett, Mykawa, Genoa and Buckeye, development has been 
in progress with little change in the status of these fields. 


Gas DIscovERIES 


During the year the reserves of gas have been greatly augmented 
on the Gulf Coast as new areas, probably associated with very deeply 
buried salt domes, have been brought to light. Tom Ball, Livingston, 
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Line Number 
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COOND OPW 


18 
19) 
20 


| Blue Ridge, Ft. Bend.............+- 


Field, County 


Agua Dulce, Nueces... «6 c-.<<0si0 60 oc cicisies 
Allen Brazoriasen. daacs- hatte «ear 
EN TIOVA, PLONGRM seas, cco: epeieee: 2 ATER oyeaeys cle ae 
Barbers Hill, Chambers............+-+-0+ 
AB EBON) cL ONDE to ete cary =| viesai2 eA unjayclaleteleieicie 


Big Creeks Fi. Bends «oc ses 10-00 210 2 eleivia 
Boling, Wharton, Ft Bend........ — 


Brenham, Austin, Washington sae 
Buckeye, Matagorda............+2sese008 


Clay Creek, Washington...........-.+++++ 6 230 : 230} 2,627,582 
Cleveland, Liberty......5..2.se2--s2s.secess 1 50 50 
Conroe,? Montgomery......-..--+e+000205 2 | 16,934) 100) 17,034) 24,090,872 
Damon Mound, Brazoria..............0++ 19 270 27 8,605, 
PS pPOrsOr, LADERA s cre cicis.c =! is ers18 ails a’aierarsis 5 213 213} 2,668,142 
Hannett, Jefereon . oices vcclc.sis «ci pense ans 8 34 34! 1,153,432 
Goose Creek, Harris sicin0cs« seins «semis 26 | 1,066 1,066} 72,021,590 
Grebe Wee MILO mere sietaran'a;oenieientersine' irawal Lot Ser 4,275] 1,216,624 
Hankamer, Liberty..... ee ae 5 153 153] 2,604,471 
High Island, Galveston.........0.0.000008 12 177 177| 5,741,347 
Hockley, Hartts; cesses <0 eseeicicicie «= 2 10 10 14,066 
Eiull Rebeca cnt ck oon ee 16| 690 690| 74,183,780 
Humble; Harries. j.itctqante: «5 -Genreke oh 29 | 2,322 2,322) 117,654,646; 
Reeran © V, .Clar ed eecia wists atess eerste 2 50 50 141,520 
Kingsyilles Kleberg: wasdas-cm- coc 2-2 ashes ll 90 90 592,336 
diavingston; (POlb awdsceee 0: ste eaeaame a 1 500} 100} 600 412,267, 
Lost Gake; CAGMBEr8. .)-..siec ss.caslste viene eras 5 63 63 619,64 
Thucash Taner Oakss: otdsas ohades- Sack eseree 3 50} 4,000} 4,050 54,579 
Manvel, Brazoridie snags acs = siete sla sere S| act | 575 575 818,453 
Markham, Matagorda...............0005+ 26 177 177} 4,477,901 
Moss Bluff, Chambers.............0.0.005 4 10 10 179,235 
Wevisaway, (EGInte olereis els azostiata'e. «/a5o 0: oe otare 4 75 75 282,823 
Nash, Ft. Bend, Brazoria................. 8 120) 120} 1,610,785 
North Dayton, Laberty...............008. 29 55 65 090,565 
Orange; (Oranges. . scadasle ew haeraitan see 21 400 400) 31,187,401 
Orchard, (Ff. Bends, | 0.» « heals dew « « - steytaie 8 80 80) 2,228,850) 
O'Connor, Refugio, Victoria............... 2 250 250) 45,144 
POURS, ROB asc aa Yo ogee dtaaiork « cia nates 4| 1,450 1,450} 7,104,402 
Pierce Dts, LOG as asnne cia eastah Dot neh 13 312 312} 26,841,590 
Pledger; Brazoria san ..cs ss sjcus «ane « 2 20 20 15,906 
Pt. Neches, Oranges, fi. 08. disk. Ger. & 5 75 75) 2,812,482 
Raccoon Bend,® Austin................+..] 6 | 1,871 785| 2,156] 11,944,614 
Refugio, Refugio... cei vee 4. «cltlelewiectete 6 | 1,877] 2,720) 4,597} 28,967,421 
Rockland, Jaanens cs «stron «i kaeaateean «he 5 20 20 26,626 
Saratoga, HErdin. siedesteinjedan. shupde » tx 33 500 500} 27,120,342 
Garth; Muses. sb, Yo... sonstde -mptagune 4| 375] 1,660} 2,035} 1,538,473 
BGK GOHOds«. cisicn:s Conatads + strda kame 4 25 25 52,2 
Sour Lake, Hardin... cicetsnctevcusns sess 32 855 855) 76,307,764 
South Liberty, LAbertgtcs in yori 0s eed arc 9 235 235) 14,448,001 
Spindletop, Jefferson..............0.00055 33 504 504) 120,080,770 
Sugarland, Ft. Bend..........ccceseeees 6 | 1,163 1,163] 18,851,123} 3,485,606 
Thompsons, Ft. Bend.............0.e000s 3 | 3,031 3,031 4,194,140 
Pom Dall, Harness c.cso1 eon eee nee ite 1 | 8,500} 3,900} 12,400 
West Columbia, Brazoria................. 19 265 265 1,332,915 
White Point, San Patricio................ 4 20| 2,785) 2,755 51,256 19,023 
Other fields ns tats curtis eet casamite eta 7,375 
Total ol). . TA ee 51,304] 17,420] 68,724] 875,975,869] 44,247,964 


1 Discovery late in December, 1933. See text. 


2 Character of gas: 1128 B.t.u. per cu. ft.; 1 gal. gasoline per M. cu. ft. 
5 Character of gas: 1000 B.t.u. per cu. ft.; 0.8 gal. gasoline per M. cu. ft. 


62,837,435) 157,592 
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-TaBLe 1.—(Continued) 


Number of Oil and/or Gas Wells | Average Depth, Ft. 


| During 1933 At End of 1933 


8 t a oe a 3 ° B & 
onl ore 5 23 a | « Bottoms of | To Top of 
cl £ eo Fe Ps 3= / 8 % q 5 wel y 2 Productive | Productive 
ee | £3 Le 2 Sy 2S ay S a ‘So °S =| Wells Zone 
Et be Be et E.6a| Bay rH vv B2 3 2 5 3 
#) ss | ss |se2| §8| 2 | 2 | da | 2S | BS | Se 
. [ries iv) py s | iO oO ql et a A =e 
iM 108 15 rag 2 0 0 2 12 14 | 4,8974-2,0055 | 4,8834-1,9985 
2. 71 10 4 0 0 0 1 0 1 5, ' 4,350 
3 50 279 4 3 0 0 4 0 4 4,250 4,150 
4 | 77,759) 1,037 148 316 21 53 0 120 0 120 | 2,150%-5,000 | 1,9008-2,200 
5 93. : 4 974 0 29 0 132 0 132 850 200 
6 | 40,394) 1,616 56 63 2 0 0 18 0 18 3,850 2,650 
7 | 27,781) 463 27 156 2 2 0 34 0 34 3,600 2,400 
8 | 26,290} 438 5 125 0 0 0 65 0 65 1,375 420 
9 5,697} 570 i 54 0 0 0 34 0 34 225 190 
10 7,560) 126 279 2 1 1 0 1 0 1 7,926 7,831 
11 | 11,424) 168 29 37 1 4 0 24 0 24 1,250 985, 
12 1 is 0 0 al 0 1 5,731 5,725 
13 1,423 36 83 685] 587 © 0 0 680 5 685 5,150 5,000 
14 | 31,872) 741 17 113 2 0 0 32 0 32 2,700 1,350 
15 | 12,526) 391 42 35 2 2 0 26 0 26 2,970 2,185 
16 | 33,924) 393 78 12 3 0 0 7 0 v 4,660 3,260 
: 17 | 67,562) 1,778 30 769 1 28 0 92 0 92 2,800 1,050 
3 18 285, 107 93 93 0 il 82 0 82 4,390 4,350 
19 | 17,023} 709 75 15 0 0 0 13 0 13 3,975 2,675 
20 | 32,427) 649 167 52 12 2 1 37 0 37 4,325 2,700 
21 1,406 47 8 3 1 0 0 1 0 1 2,250 2,220 
- 22 | 107,513] 1,654 50 629 28 48 0 157 0 157 2,900 900 
23 | 50,699) 845 16 1,641 2 0 0 245 0 245 1,800 700 
24 2,830) 283 102 2 0 0 2 0 2 5,675 5,150 
25 6,582} 329 8 18 0 0 0 7 0 7 2,350 2,050 
ie 26 825 46 205 14 13 0 0 13 0 13 4,330 4,260 
27 9,836} 109 20 ll 0 0 0 9 0 9 2,750 2,390 
28 1,092 58 17 27 0 0 0 3 20 23 | 4,7234-2,1255 | 3,560*2,0205 
29 1,423 37 204 6 0 9 0 8 4,520 3,880 
30 | 25,299} 550 38 121 3 1 0 24 0 24 1,500 530 
31 | 17,923} 548 5 0 5 0 0 0 0 5,850 5,800 
32 3,771 118 48 5 0 3 0 2 0 2 re 850 4,170 
33 | 13,423] 224 20 24 0 3 0 1 0 1 4,300 3,700 
34 | 38,010} 1,188 20 60 0 0 0 10 0 10 750°-2, 800 4258-2,520 
35 77, 969) 2,599 18 291 0 1 0 50 0 50 4,000 2,850 
36 | 27,861} 995 132 22 2 5 0 5 0 5 6,750 2,830 
37 177 90 68 4 3 1 0 3 0 3 3,100 2,100 
38 4,899} 408 40 107 11 15 4 51 2 53 3,900 3,840 
39 | 86,031] 1,956 54 191 3 3 0 61 0 61 4,300 3,300 
40 795 78 46 1 1 0 0 1 0 1 6,800 6,750 
41 | 30,833) 1,186 92 12 2 1 0 9 0 9 3,550 3,140 
42 8,712) 4 46 145 t 0 19 84 5 89 3,400 3,075 
43 | 15,483} 514 37 359 1 9 7 105 44 149 5,000 3,150 
44 5,3827| 133 2 8 0 2 0 3 0 3 1,275 1,260 
45 | 54,241 x 5 738 0 8 0 179 0 179 1,000 200 
46 4,102} 256 63 62 15 2 10 29 il 40 4,600 2,740 
47 2,092) 209 21 3 0 0 2 1 0 1 4,225- 4,211 
48 | 89,249 z fi 765 0 30 0 171 0 171 900 230 
49 | 61,480} 1,537 11 275 1 10 0 49 0 49 3,500 510 
50 238, 255) 7,446 19 1,346 0 2 4 162 0 162 | 1,0006-3,400 9008-2,520 
51 | 16,209} 203 85 69 1 0 22 40 0 40 3,575 2,800 
52 3,260 36 69 151 89 0 0 145 0 145 5,300 4,925 
53 29 2 67 26 26 0 5 21 0 21 5,575 5,375 
54 | 289,689] 1,159 68 232 0 26 0 39 0 39 3,200 660 
55 | 10,251) 256 37 35 1 0 1 1 18 19 | 4,9024-2,3505 | 4,8804-1,8505 
56 3 3 3 4,9024-2,3505 | 4,8804-1,8505 


10,994] 956 294 87 | 3,097 | 117 | 3,214 


+ Footnotes to column headings and explanation of symbols are on page 175. 
4Qil. 5Gas. 6 Cap. 
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jose cmeor| Line Number 


2 0 0 
0 0 0 
2 0 0 
35 0 0 
0 0 0 
1 0 0 
3 0 0 
0 0 0 
0 0 0 
1 0 0 0 
0 24 0 0 
1 0} 0 0 
677 1 0 0 
0 31 0 1 
0 26 0 0 
0 0 0 
1 87 0 4 
79 0 2 0 
6 ef 0 0 
24 13 0 0 
0 1 0 0 
27 130 0 0 
0 245 0 0 
2 0 0 0 
0 7 0 0 
13 0 0 0 
0 9 0 0 
1 1 1 0 
8 1 0 0 
2 22 0 0 
0 0 0 0 
0 2 0 0 
0 1 0 0 
0 10 0 0 
0 50 0 0 
2 3 0 0 
3 0 0 0 
9 20 12 0 
5 56 0 0 
1 0 0 0 
1 8 0 0 
3 81 0 0 
46 7 547 0 
0 3 0 0 
0 179 0 0 
20 0 9 0 
0 0 1 0 
0 171 0 0 
0 1 48 0 
1 159 1 1 
37 1 1 0 
145 0 0 0 
20 0 1 0 
3 33 0 3 
1 0 0 0 


8 Gas injected through 23 wells. 

® Gas injected through 2 wells. 

10 Shallow, 550 lb.; deep, 1700 lb. 
11 Light oil, 38.8°; heavy oil, 23°. 
12 Light oil, 0.1°; heavy oil, 0.169°. 
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0 1,575 

0 200 | | 34.3 

0 440 35 | 42 | 88 

0 296 pee 25 

0 z 7 

0 400 28. | 

0 385 26 | 0 

0 id 28.3 i al 

0 hes con 

0 1,045 | 37.9 | 0.07 © 

0 80 26 | 0.36 | ‘ 

3 750 | 619 873 37.6 | 0.05. | 

0 ee : 26° | 01372) AS 

0 100 24 0.26 |, A. 
i | . 

0 540 00) 2) ae 

0 x 93° | ONGR4 eRe 

1 900 777 24.5/0.20 | A 

0 494 200+ | 55 23.4| 0.33 | A_ 

0 527 L 345 33 [0.28 | A 

0 40 32 zs | A 

0 x z 410 - 32:7 1.0198. (Ae 

0 x z 36.2] 0.108} A 

0 937 z 750 46.6 = A 

0 z 19.2|0.14 | A 

0 787 556 40.7 | 0.053 | M 

0 490 22.4 | 0.22 | A 

0 r 400 400 36 z A 

0 343 x 339 26 Z A 

0 x 2/021 | A 

0 280 O21) | A 

0 120 0.141 | A 

0 800 & A 

0 400 0.12 | A 

0 z 0.18 A 

0 375 50+ | 40+ 2 A 

0 365 0.16 | A 

0 236 150+ | 30 0.05 | M 

0 355 z 126 0.173 | A 

0 2,450 | 2,450 | 2,450 z M 

0 155 x 0.26 | A 

On [tas 275 z 0.18 | A 

5 10 410+.| 350 13 PAI 

0 0.26 | A 

0 = A 

0 745 x 620 0.18 | A 

0 430 x 65 0.044 | M 

0 2 0.94 A 

0 50 0.18 | A 

0 400+ 0.24 | A 

tite 475 312 320 0.31 | A 

0 750 650+ | 568 0.20 | A 

0 860 1,140 0.041) M 

0 z £ A 

0 1,425 1,450 0.094 | A 


1,182 1,7577 | 1307 9 19 25 
7 For Refugio field, 54 represents the combine 


d number of wells pumping and those producing by gas-lift. 
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Taste 1.—(Continued) 


a & Ee 
" har- 
E fer | cote | & IB 
- BEE 
a £ |B 
1) Frio, Fleming® Olig, Mio SH,SH | x |14-7 
2|Mio | Mio SH | | 100 
3)Frio Olig z | 80 
4 | Pli, Mio, Frio. ; ; _ | Pli, Mio, Olig 8s z | 7 
5 | Caprock, Lissie, Fleming, Mid. Olig., | Pli, Mio, Olig, Eoc} Ss, L z x 
Yegua 
6 | Mid. Olig, Frio Olig SH x 25 
7 | Mid. Olig Olig SH z 60 
8 | Mid. Olig Olig SH x 60 
9 e Mio SH z 10 
10 | Frio Olig SH E 60 
11 | Wilcox Eoc SH z | 120 
12 | Cockfield ‘ Koc 8s 3 8 
13 | Cockfield Eoe §s 27+] 40 
14 | Mid, Olig, Frio Olig SH z 43 
15 | Pli, Mio, Mid. Olig, Yegua Pli, Mio, Olig, Eoe SH x 32 
16 | Mio, Mid. Olig, Frio Mio, Olig SH x 38 
17 | Pli, Mio, Mid. Olig, Frio, Vicks Pli, Mio, Olig SH, 8s | x 38 
18 | Heterostegina Olig Ss x 25 
19 | Mio : Mio SH x 24 
20 | Pli, Mio, Mid. Olig Pli, Mio, Olig 8,SH | 2 50 
21 | Frio Olig SH x 30 
22 | Mid. Olig, Claiborne Olig, Eoc 8,SH | z 65 
23 | Mio, Olig, Jackson, Sal. Bayou Mio, Olig, Eoc §,SH | « 60 
24 | Frio Olig Ss x 10 
25 | Lagarto Mio Ss = 20 
26 | Cockfield Eoe 25 18 
27 | Frio 3 Olig SH, 8s | 2 90 
28 | U. Saline Bayou,‘ Gueydan-Frio Koe, Olig SH, 8s | z 15 
29 | Mio, Heteroste:ina, Frio Mio, Olig SH, Ss | x 38 
30 | Pli, Mio, Mid. Olig Pli, Mio, Olig SH, Ss | « 46 
31 | Marginulina Olig SH, 8s | x 33 
32 | Mio Mio SH, 8s | « 32 
33 | Mio., Mid. Olig Mio, Olig S,SH |2 | 60 
34 | Mio, Vicks Mio, Olig 8s,SH | x 32 
35 | Mid. Olig, Mio Olig, Mio SH, 8s | z 30 
36 | Mio, Frio ; Mio, Olig SH,S | z 28 
37 | Oakville, Catahoula, Discorbis Mio, Olig Ss x 20 
38 | Cockfield ; Koc Ss z 12 
39 | Mio, Mid. Olig, Low. Olig Mio, Clig Ss 2 44 
- 40 | Frio Olig 8s a | 100 
41 | Pli, Mio Pli, Mio SH,8 | z 26 
42 | Fayette, McElroy Koe 8s 25 18 
43 | Mid. Clig, Frio ’ Olig 8 25+] 30 
44 | Cockfield Koc 8s z 10 
45 | Mid. Olig, Caprock Mio, Olig L,8s | 2 x 
46 | Mid. Olig, Frio Olig Ss Z 16 
47 | Cockfield 4 Koc ; §s = 10 
48 | Caprock-Pli, Miocene-Mid. Olig Pli, Mio, Olig Ss,L | z z 
49 | Mio, Mid. Olig, Saline Bayou | Mio, Olig, Koc SH, 8s | z 40 
50 | Caprock, Pli, Mio, Mid. Olig, Frio Pli, Mio, Olig L, SH, 8s | x 32 
51 | Mid. Olig Olig Ss 25 80 
, 52 | Mid. Olig, Frio Olig 8s |25 | 90 
r 53 | Cockfield Koc : Ss 25 15 
. 54 | Pli, Mio, Mid. Olig, Frio Pli, Mio, Olig Ss 25+ | 250 
q 55 | Mid. Olig,? Fleming? Olig, Mio Ss 2 10 
4 


13 Well drilling on Jan. 1, 1934. 
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L. Olig 6,012 
Mio 5,958 
U, Sal. Bayou | 6,743 
Vicksburg | 8,148 
U. Sal. Bayou | 5,204 
Vicks 5,536 
Vicks 6,024 
Mid. Olig 5,546 
Sparta 8,572 
Frio! 8,297 
Wilcox 5,517 
Cockfield 5,731 
L, Sal. Bayou | 5,998 
Vicks 4,650 
U. Sal. Bayou | 7,323 
Vicks 6,661 
Vicks 6,967 
Frio!8 6,795 
Vicks 7,096 
Mid. Olig 6,275 
Caddell 7,063 
U. Sal. Bayou | 6,158 
L. Sal. Bayou | 8,181 
Frio 7,461 
Frio 6,922 
U. Sal. Bayou | 5,596 
Frio 7,471 
U. Sal. Bayou | 5,724 
Vicks 7,648 
Vicks 6,044 
Vicks 7,375 
Vicks 6,672 
Vicks 6,282 
U. Sal. Bayou | 5,700 
Mid. Olig!® | 6,158 
U. Sal. Bayou | 6,757 
Frio 6,860 
Queens City | 7,569 
Vicks 6,194 
Frio 8,115 
Vicks 6,988 
U. Sal. Bayou | 5,411 
McElroy 9,134 
Cockfield 1,320 
U, Sal. Bayou | 6,275 
Frio 6,479 
U. Sal. Bayou | 4,574 
U. Sal. Bayou | 6,435 
U. Sal. Bayou | 5,176 
Vicks 6,654 
Vicks 4,471 
Frio 6,575 
L. Sal. Bayou | 7,438 
Vicks 6,270 
Frio 7,211 
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Oil and Gas Development and Production in North Texas for — 
the Year 1933* ‘ 


By H. B. Fuquat anv B. E. Tuomrson,t Fort Worrs, TExas 
(New York Meeting, February, 1934) 


THE area discussed herein, commonly known as the North Texas 
district, embraces the following 10 counties: Archer, Baylor, Clay, Cooke, 
Foard, Hardeman, Knox, Montague, Wichita and Wilbarger. It is 
underlain by two major structural features. The northernmost portion 
of the district, including Cooke, Montague, northern Clay, Wichita, 
Wilbarger, Foard and Hardeman counties, is underlain by the system 
of buried mountains known as the Red River uplift, which is parallel 
to and closely related to the Wichita-Amarillo uplift of Oklahoma and 
the Texas Panhandle. While the presence of a great majority of the 
numerous oil fields of the area is traceable to this feature, the production 
in Archer, southwestern Clay and southeastern Baylor counties is due ~ 
to the influence of what is known as the Cisco Arch (so called because 
of its influence on Cisco deposition), the axis of which extends in a north- 
west-southeast direction across Archer County. 


Discussion oF TABLES 


Preliminary to discussing developments during the year 1933, it 
appears advisable to offer a few words of explanation on Tables 1 and 2, 
included as part of this paper, in which an effort has been made to sum- 
marize oil and gas development in North Texas to Jan. 1, 1934. 

One of the chief objectives of this publication is understood to be to 
show production by individual pools, and, if possible, by distinct pays 
in a pool. This the authors have been unable to do for North Texas. 
It is a generally recognized fact that there are well over 100 individual 
pools, which should perhaps be more properly called ‘productive spots,”’ 
in Archer County alone, with perhaps an even greater number in Wichita 
County. It can be found upon investigation that an apparently con- 
tinuous productive area covering many acres consists of a half dozen 
lenticular sands, all stratigraphically different, which produce only 
under portions of the apparently continuous area. It is also a fact that 
practically all gross production records are carried by the various inter- 
ested parties by major districts or by counties. It is obvious therefore 


* [Although the authors did not undertake the compilation of this paper until 
Dec. 26, they have furnished an enormous amount of data. F. A. H., Vice Chairman.] 
+ Gulf Production Co. 
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that, in order to secure the desired results in an area in which something ~ 
like 20,000 oil wells have been completed, an amount of detail work would 
be required not justified by the value of the results obtained. 

Another purpose of the report is to show the number of oil and gas 
wells and of dry holes by districts or by fields. In carrying out this 
portion of the assignment the authors have made an accurate check and 
count of available records. It is unfortunate, however, that numerous 
shallow wells are present and producing in Archer, Clay and Wichita 
counties, which, because of lack of interest by major operators, have 
been disregarded by practically all scouting organizations. While 
records are not kept of the wells themselves, their production is included 
in the gross production figures available to the authors; and, since this 
production cannot be separated, it has been necessary to estimate the 
number of such shallow producers drilled and also the number of dry 
holes, in order to make the records check. The number of wells less 
than 1000 ft. deep that are producing or have produced is believed to be 
as follows: Archer County, 900 wells; Clay County, 300; Wichita County, 
2500. These figures are based partly on records and partly on estimates 
secured from men well acquainted with the areas covered. . By deducting 
these figures from those shown in the column headed ‘‘Number of Oil 
and/or Gas Wells Completed to End of 1933,” the approximate number 
of oil and/or gas wells over 1000 ft. deep completed to that date will 
be available. 


DEVELOPMENTS DURING 1933 


Owing to general economic conditions and to the continued depressing 
influence of the East Texas field on all other districts, development in 


TaBLE 1.—Oil and Gas Production in North Texas 


“ Area Proved, Acres Total Oil Production, Bbl. 
: i 
° * 
3 Field, County i, % Daily 
E 8 | oi b Gas | Total | T° Endof | During 1932 | During 1933 coy 
%, Pi g 1933 Nov., 
° ss 1933 
3 an 3 . 
1} Petrolia,! Clay..........0.0. 31 500] 1,000) 4,000} 5,500} 5,837,000 143,457 118,757 350 
2} Worsham, Clay..... 10 100 100 206,000 0 0 0 
3| Others, Clay........ ot 300 300 100,000+ 50,000+ 50,000+ 100+ 
4| All fields, Wichita............| 22 | 40,000 40,000} 238,132,000 6,081,102 5,709,169 | 15,951 
5 | All fields, Wilbarger........... 21 | 8,710 8,710) 49,942,000 3,266,155 2,868,501 8,647 
6| All fields, Archer............. 21 | 20,355 20,355} 85,273,000 4,098,692 4,684,375 | 14,544 
7| All fields, Montague........... 1i | 3,530 500} 4,030} 18,525,000 1,494,603 1,519,172 4,273 
8| Portwood, Baylor...........-. 9 280 280 1,036,000 160,488 109,499 235 
9| All fields, Cooke.............. 8 | 2,000 2,000} 7,835,000 577,266 563,382 1,600 
10'| Thalia, Foardsin...< <..-3%:~- 7 100 100 175,659 22,812 24,839 46 
11] Johnson, Foard.............-. 1 100} 400 500 56,341 0 56,341 500 
(G(r aie a Re Ae eee 75,775] 1,200) 4,900) 81,875} 407,118,000 15,894,575 15,704,035 | 46,246 


@ Footnotes to column headings and explanation of symbols are on page 175. ; 
1 For Paicelia field, total 2 tpodention in millions of cubic feet: to end of 1933, 97,633,544; during 1932, 543,716; 
during 1933, 412,782. Gas production data not available for other areas. 


practically all fields shared in the desulto y dr 
and only nominal changes occurred in the ss 
counties from the 1932 figures. vent 


North Texas and to the Deck of additional read a 
prolific spots within semiproven areas, two situations of paste 
economic importance came to light during the past year; i. e., in the orc 
of their importance, (1) the development of the lime producing 
southwest of Archer City in Archer County and (2) the discovery o: 
commercial oil by the Texas Company on the Johnson Ranch in western 
Foard County. 

y For several years the Gunsight limestone, which immediately overlies _ 
. the Swastika-Gose sand zonein Archer County, has been known to carry oil | 
and gas in and adjacent to the Falls County School Land Survey, several 

miles southwest of Archer City. A number of small wells have been 
completed in this horizon at a depth of approximately 1200 ft. during» 
the past several years; however, the initial production was extremely 
low, even after shooting, and operators seldom attempted to make a well 
out of this limestone unless it proved to be a failure in the underlying 
sand. During the year 1933 it was discovered that treating these wells 
with a solution of hydrochloric acid stimulated their production to a 
marked degree. Instances have been noted in which a limestone that 
carried only a rainbow show of oil before treatment flowed several hun- 
dred barrels daily after the hydrochloric acid had been injected into the 
well. This discovery greatly stimulated activity in this area, and some- 


TaBLE 1.—(Continued) 


Average Oil Production, Bbl. Number of Oil and/or Gas Wells Average 
Dee At End of 1933 
1933 
aN Per = ae Com- ; 
er Acre aily 
8 to End 9 oe t during ago 3| 7 Prod ad ee 8 
; z of 1933 of 1933 Nov., of 1933 3 AR hiae jy | Produc- si Ol Produc-| Total Zone 
z, 1933 aos Shut ing Oil phe ing Gas | Produc- 
sg € | $| Down Only Gas* nly Ing 
pa oO | <a 
1] 3,825 | 382+ 1.1 537 | 59 | 5] 21 360 43 4 
2| 23060 | 52+ 4/1] 0 ORM 19 0 * 3'500 
3| 333 | 66+ 1.1 | 100+ |100+] 0 100 | 0 0 100+] 1,000 
4} 5,950 | 298+ 1.7 | 10,613 | 33 104] 183 | 7,293 0 0 | 7,223 1,500 
5| 5,730 | 257+ 6.8) | 17492193 liz) 40 | 1.306 0 0 | 1,305 1,700 
6| 4,221 | 603+ 4.4 | 5,051 |221 | 52] s4 | 3,533 0 OF Alaai5 
7| 5,220 | 261+ 6.2 706 | 5 | 6 4 677 0 29 708 1000 
8| 3,700 | 370+ 6.2 BG 0° 20 42 0 0 42 1,400 
9] 3,918 | 392+ 5.9 329 | 2 | 11 6 264 0 2 266 1,200 
10] 1.757 79+ 7.0 601-0 0 5 0 1 6 2/000 
11] 563 | 112+ | 500.0 2 ale 0 0 1 1 2 3,800 
19,146 |444 |195/ 309 | 13,509 1 76 | 13,586 


eee 


ing ‘the year 1933, with ically 50 more drilling at the end of the 


year. The activity, instead of diminishing, appears to be increasing 
at the present time. 
The Texas Co. drilling its No. 3 Johnson well on an old. prospect in 
western Foard County, which was already known to yield gas, carried 
its well through the known gas horizon and encountered a highly prolific 
oil pay in limestone at a depth of 3571 ft. This well produced as much 
as 2800 bbl. in 24 hr., and is at present producing more than 500 bbl. 
_ daily through a small choke. The producing lime appears to be in the 
upper Canyon (Pennsylvanian in age) and the well, in addition to proving 
the structure being tested for commercial production, invites addi- 
tional ‘prospecting in the general area where like situations, in all prob- 
ability, exist. 


ic PRORATION PRACTICE 


The allocation of production under state-wide—indeed, nation-wide— 
-_ proration has had little bearing on the 1933 yield of North Texas. In 
the State of Texas, by law, wells between specified limits in depth are 
allowed fixed amounts of production (called marginal well allowance) 
before being prorated. Since out of the more than thirteen thousand 
wells still producing in the area only a very few hundred are capable of 
producing more than their marginal well allowance, it is obvious that 
the actual potential of North Texas does not differ greatly from what 
it is at present producing. 


. 


TaBLE 1.—(Continued) 


Oil Production Character of Oil 
Methods at Approx. Average Producing Rock 3 D eave: oe ee 
End of 1933 during 1933 f 
G p $3 
ravity =I) 
eee a APL at 5 BS 
e 60°F g & iS Depth 
I =| 0 
‘g 2 rt 
Zz, | Flow- | Pump-| 6 E Bt e yO S 8 |éz 2 £3 t 
aj) ™ | 2/8 eagel2 2 \e8| 2 | Be 
ia Se ECAH D |4 n A 
‘ 1 0 260 y |36.5)0.15| P| Numerous Per, Pen | 5 10+) A 400) Cam-Ord 4,289 
2 0 0 y |43.4'0.47| P| Worsham pay | Pen LS |40+] D 6| Strawn (Pen) | 3,950 
3 0 200! y | y |86.5/0.25! P)} Numerous Pen iS) 5+] MC 326} Strawn (Pen) | 3,985 
4 0 7,223 |41.8/36.1/39.0)/0.30| P| Numerous Per, Pen | 8, L |20+] A,M | 7,600) Pre-Cam 3,502 
' 5 0 1,305 |38.5/35.5/37.0)0.65| P| Numerous Per, Pen | 8, L |20+] A, D 783) Pre-Cam 3,007 
: 6| 54 3,479 |40.2/36.8/38.5/0.38| P/ Numerous Pen S,L.} 74+} ML 5,113) Cam-Ord 5,750 
‘ 7 0 677 |34.0)24.1/29.0/0.90) P| Numerous Pen 8, L }20+| A, D 225| Pre-Cam 2,915 
4 8 0 42 |37.0/37.0/37.0|0.38] P| Swastika sand | Pen 8 10+ | ML 161] Strawn (Pen) | 4,265 
E 9 0 264 |41.0/23.5/35.0/0.65] P| Several Pen, Ord} 8, L }10+} A, D 334! Pre-Cam 3,790 
10| 0 6| y | y |39.0/0.20| P| Thalia sand | Pen § |22+]D 12| Pre-Cam 2,550 
y ll 1 0 |45.0)43.0/44.0/0.30} P| Johnson lime | Pen L 5+|D 5] Pre-Cam 5,003 
q 55 | 13,456 14,965 
§ odie. a EES ee ee ———__aaarrnnnnn EEE 
‘ : 


allocated among all sie poeatirt: ae a 
allowance in direct proportion to their potentials. 
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siderably brighter than that for the several years Piosenthae nt Ar 
County a large proven acreage remains to be developed in the lime aie 
ing area southwest of Archer City, and considerable “wildcat” prospecting — 
will also undoubtedly be done in an effort to locate similar areas in the | 
county. The Texas Company’s completion in Foard County will, in ~ 
all probability, stimulate “‘wildcatting’” in adjacent counties as sug- 
gested in a previous paragraph. In addition, plans for some exploratory 
- drilling are known to have been consummated in both Montague and 

Clay counties. 

In conclusion, it may be stated that owing to the settled character 
of most of the production in the North Texas district, the additional 
; drilling to be carried on during the year 1934 and subsequent years 
: practically assures the district of an annual output for many years to 

come not lower—perhaps higher—than that of the year under review. 


TABLE 2.—Summary of Drilling Operations in North Texas 
(Figures in body of tabulation represent number of holes.) 


Completed prior to Jan. 1, 1934 Completed during 1933 
Drilling or 
Dry and/or Near-dry Holes Se ee A Bacon Near-dry Piety a 
tive tive 1933 
Total Depths, Ft. . Wells | Total Depths, Ft. | - | Wells 
County E | 3 

2 ° ° F a ole ae 
. |2| = See] 33 | (2/2 /2(™| ga | 2 | 8 

asd’ | 3s > nN oO s 

=) 

12) 2 gig ee |e lglsis eee. 
ae S 3) S$ [a eR = 8 ta i 
tl al ax lalals Ey ier er aicean nes & Ela 
CONGR peas aio ae 1,000+ | 3,925} 177) 8} 2) 1] 5,118) 5,051 | 40 | 106) 4 1 151 221 62 54 
Baylor ee ae en 0 128 28] 3] 2! 0 161 56 0 3} 1 0 4 0 0 1 
Clay cites, Pins wa eee 300+} 3800) 112} 18} 2] 0 732 641 | 13 tired 2 17 160 2 2 
COR bee cle vcesitoutisse 0 228 96} 9) 1) 0 334 329 8} 1 1 10 2 4 3 
Fosid & 40. saette 0 5 11] 13} 1) 1 3l 8 0 0} 0 0 0 1 0 0 
Hardeman areth;. onit 0 18 5} 5) 2) 0 25 0 0 0} 0 0 0 0 0 0 
Kner Fdeins:: aed 0 3 4) 5) 2) 0 14 0 0 0} 0 0 0 0 0 0 
Montague......... 0 117; 90} 18] 0} 0} 225 706 1 6, 2 0 8 5 4 5 
Wichita. s++-ee+..| 2,000+ | 4,769] 812) 13] 6] 0} 7,600] 10,613 | 23 24) 0 0 47 33 il 4 
Wilbarger......... 0 209} 551) 21] 2) 0 783) 1,742 2 15} 5 0 22 22 4 4 
Potal', Saat: soe 3,300+ | 9,697] 1,886]113]20] 2) 15,018} 19,146 | 79 | 163] 13 4 259 444 87 73 
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id Gas Production in North Central Texas 


By J. M. “ArmsrronG,* Fort Worts, Texas 


: . Age, Aven Total Oil Production, Bbl. A 
3 Vi e 
Field, County! Cars. Eaceatt ee ee ae Production 
| To En ; per Acre, 
of 1933 | Oil Hind of | During 1932 | During 1933] Bbl. y 
SER, Wee Sie» Tine 6 24,758,181 952,293 849,938 p 
KOvseeseseensseeseeeerites 9 1,000 279,665 936,551 6,0615 
ee te ee 7 | 200 ee aa tas 
ea As 13 | 250 : y ete 
eas sae Oe 6 | 180 : ; fe 
aes es Hee 12 | 2,513 y ; a 
Shee Te SRS 6 190 : 
A ee "7: ae 7 450 | : rye 
. eae Sl: eee: eo 6 560 705528: | y ; Toene 
ae 10,788,812 637,142 615,912 : 
ieee 8 | 400 629,2024 y y 1,5734 
ce: 6 350 701,7114 y y 2'0054 
Becca 10 600 | 1,692,224+ y y 2/3908 
7 | 400 y 3,908 
892,325 614,160 ; 
i 250 102,938 71,565 3,5615 
. - 192,673 132,721 5.2545 
6 | 170 |  '249/3408 y : Tasre 
5 173 1,506,2664 y y 8°6074 
7 a y y 2,1864 
3 50 4 : ree 
500,000+2| 25,000+2 2400042] 
96,747,4972 | 1,156,0642 | 1,155,8562— 
15 | 6,000 | 21,434,1972 92,1652 82,6322 3,573 
14 | (330 | 4,681,017 y y 1844 
11 | 230 | (857.7084 y ¥ 3.7298 
f 14 | 400 | 1,040,6754 y y 2/6024 
55 leases in Ra 17 3433 areeait z ‘ 2,378 
er : 
Sealants tee et ll. . | ie 
AREA CE Yoo Eager ee Sees 5 400 | 2,663,794 242,414 9 5 
Jones County 7 5,189,976 474.371 B7o72t seg 
Noodle Creek. 6 | 1,000 | 4,874,628 426,820 619,830 4,8755 
Jack County 4,848,615 554,238 485,468 : 
North Bryson 6 | 500} 1,793,8424 y y 3,588¢ 
9 leases in Buttram 7 | 245 | — 842,5154 y y 3.4398 
Palo Pinto County 4,659,292 144,007 127,285 ; 
Runnels County 220,276 22/710 80,171 
Shakleford County 24,504,079 | 1,375,926 | 1,118,153 
WOOK Stake ncteeee oe aa 8 1,000 | 10,898,346 638,153 1,243,700 10,8985 
es Re eee e140 |. 200" |Pee.807,0756 y y 4,040! 
ee Bee - Y Oee r 12 | 1,250 | 2,135,1404 y y 1.7124 
2 Boe Re, Sere 7 220 | 1,337,9744 y y 6,0824 
ha OSU 53h. SEES. 8 115 928,974 y y 1,9914 
123,828,155 | 1,429,781 | 1,883,374 
17 | 1,700 | 4,018,9984 y y 2,3644 
‘| 47 | 3,850 | 22,445,545 y y 5,830 
Se ee ee. Bcd 13. | 2,580 | _8,733,0518 y y 3,3744 
36 leases in Eliasville..............+-+- 15 | 1,960 | 12,892,5674 y y 6,578! 
“ae ies. (te ae. < Bea 50 | _ 379,7074 y y 7,5944 
“ 12 leases in Necessity.....-.....--++++. 15 280 | 1,297,9744 y y 4.6364 
5 leases in North Ranger............. 15 120 | 1,055,4224 y y 8.7954 
Taylor County 117,918 22,393 36,730 
Throckmorton County 2,350,229 259,615 + 259,615 + 
9 260 | 1,394,896 94,998 140,041 5,3655 
8 120 532,327 33,311 36,730 4,4365 
42,083,030 | 3,373,318 | 3,078,865 
, 15,777,172 | 134,129 | 1,998,913 
; 26,305,858 | 1,239,189 | 1,079,952 
q 12 | 1,000 | 4,434,344 82,137 85,036 4,4345 
y 7 360 | 1,287,770 135,198 81,119 3,5785 
. 4 300 | 1,633,781 373,320 219,395 5.4465 
12 500 | 1,503,313 28,623 90,249 3,0665 
4 16 | 1,440 | 9,543,103 264,279 198,493 6,6275 
10 8 1,171,581 51,432 39,879 8 
350,516,350+ {11,561,597 -+ 112,588,723 + 


1 There has never been commercial oil or gas production in Coke, Concho, Dallas, Denton, Hood, Mills, Nolan, San Saba 
j Somerrell, Tarrant or Wise counties. A negligible quantity of gas has been produced in Parker County, a small quantity of 
oil in Haskell County and small quantities of oil and gas in McCulloch County. Total gas production cannot be even esti- 
: mated. Probably half of the gas was dissipated and only poor records have been kept of that utilized. Value of gasoline 
from natural gas in some counties has exceeded value of oil. 
2 Parts of Desdemona in Comanche and Erath counties are reported with Eastland. 
: 3 Partly in Palo Pinto County. 4 To Jan. 1, 1932. To Jan. 1, 1934. § Only one well in this pool. 


* Geologist, Sinclair-Prairie Oil Co. 
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26 ’ Pen eh 
27 2,600 : Desdemonia sand Pen 8,L ML, A 
28 1,900 Earnest sand Pen S) © i AML, Na 
29 1,200 Olden sand Pen Ss ML, N 
30 3,300 Bend — Pen LS MLN 
31 2,400 Caddo lime Pen L MC, A 
32 3,400 McCleskey - s ML, A 
33 en 
34 3,000 pees Stephens lime _ Pen L MC, N 
35 39 Noodle Creek lime Pen L MC, N 
36 2,500 39 Noodle Creek lime Pen L MC, N 
37 40 Pen 
38 3,100 40 Bryson sand Pen s ML, N 
39 2,000 40 Buttram sand Pen 8 ML, N 
40 40 : Pen ML, N 
41 2,600 43 MeMillan sand Pen s ML, N 
42 38 : Pen ML, N 
43 1,170 38 Cook sand Pen S$ ML, N 
44 1,300 Hays Howland sand Pen NS ML, N 
45 3,500 Caddo lime Pen Ss ML, N 
46 1,200 38 Cook sand Pen Sy ML, N 

j 47 500 38 Hodges Pen § ML, N 
48 39 4 Pen 
49 1,700 39 Binney sand Pen 5 ML 

50 3,240 39 Caddo lime Pen L MC, A 
51 3,200 39 Caddo lime Pen L MC, A 
52 3,200 39 Caddo lime Pen L MC, A 
53 3,150 39 Caddo lime Pen L MC, A 
54 1,900-3,500 39 Strawn, Bend Pen LS MC, ML, A 
55 3,400 39 McCleskey sand Pen 8, L ML, N 
56 2,400 40 Cisco lime and sand Pen §,L MC, N 
57 ; Pen 8, L MC, N” 
58 3,900 40 Caddo lime Pen L MC, N 
59 300 Cisco sand Pen 5 MC 
60 Pen’ 
61 Pen 8, LS 
62 Pen’ §,L 
63 2,000 Strawn sand ~ Pen 8 ML, A 
64 1,900-3,700 Strawn and Bend Pen 8 ML, N 
65 2,500 Kissinger sand Pen 5 ML, N 
66 2,000-2,700 Strawn sand Pen 8 ML, N 
67 1,900-4,200 Strawn, Bend’ Pen’ 8,L ML, A 
68 2,400 Kissinger sand Pen § ML, N 
69 . 


_—_ Osh 


9 Footnotes to column headings and explanation of symbols are on page 175. 
7 About 20,000 bbl. from Ellenburger lime of Ordovician age. 
8 About 1,500,000 bbl. from Ellenburger lime of Ordovician age. 


Oil and Gas Development in Texas Panhandle in 1933 


oe by RK. HH: Lynn,* BARTLESVILLE, OKLa., anv T. C. Craic,t AMARILLO, TEXAS 


(New York Meeting, February, 1934) 


-Durine the year 1933, in the Texas Panhandle, 113 oil wells were 


~ completed, adding 33,337 bbl. to the daily potential of the field. The 


field potential on Jan. 1, 1933, as determined by the Texas Railroad 
Commission, was 149,260 bbl., with a daily allowable production of 
41,000 bbl. The potential was raised gradually, until on July 16, 1933, 
it reached 155,344 bbl. with a daily allowable of 55,000 bbl. This poten- 
tial and allowable was maintained over a period from July 16, 1933, to 
Sept. 8, 1933, when the potential was reduced to 136,893, with a daily 
allowable of 43,727 bbl. Since Sept. 8, 1933, there has been a gradual 
increase, until on Jan. 1, 1934, the field potential reached 159,740 bbl. 
with a daily allowable of 42,000 bbl. Of this amount 26,429 bbl. are 
‘marginal oil” and 2682 bbl. are exempt on account of water. 


DEEPENING OF WELLS 


During the year 64 wells were deepened, increasing their total oil 
production 9631 bbl. per day. Of this amount the Gray County granite 
wash contributed 9256 bbl. from 57 wells. It has been found in many 
places that the granite wash carries an additional oil pay from 50 to 75 ft. 
below sea level. The majority of the wells that were drilled during the 
early development in Gray County encountered their cil above sea level. 
When the wells producing from the upper horizon have become unprofit- 


TABLE 1.—Oil and Gas Production in Texas Panhandle 


8 hes Area Proved, Acres 
ears 
, eee te ey | Oil and 
g of 1933 | “Giga Gas Total 
a 
SRS BAe. ohne oo ge 1 Gap COU SRE ROLE Sane Lise GeaaaT ol 12 15,000 | 187,240 | 202,240 
2 a Peace b> Searenntns Sacer oes sactanle slant yh Sy 8 39,000 54,440 93,440 
MPI fley i Mons eae Res cee c= oraiss cies getnie nia om eisinieee ies ssc ois 5 0 1,280 1,280 
MANN ER GitCTetbBOTUe 2, Wee. oka mines eho paral sasais en we Rclple s cwcitlaieieieidiewisises.tts 11 47,000 43,560 90,560 
Alfa i OR Sh SRC OR CONE ens a aia aa i 1,000 | 312,600 | 313,600 
ol FEGTEY F pense feescn tice “eee Oca: CCST i GTI SCRA i dima 14 107,520 | 107,520 
Bll Wieder Sites Wie ware ta eae a sammie olor eleigiaicie cis ory 2° 8 3,500 84,500 88,000 
8 TAR a cine teh A geeks Cpa eer ies Ca eo eI ie 105,500 | 791,140 | 896,640 


a Footnotes to column headings indicated by letters and explanation of symbols are on page 175. 


* Vice President of Land and Geological Departments, Phillips Petroleum Co. 
t District Geologist, Phillips Petroleum Co. 
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the results of acid resag are not as ee in this a ait 
fields in Michigan and Kansas, a survey of the wells treated show 
satisfactory increase in production. eo 

The most universal method of treating in this field is to use » 1000 
of hot solution, consisting of approximately 300 gal. of 18° Bé. commercis 
hydrochloric acid and 700 gal. of water. The acid_ solution is then a 
weighted with varying amounts of hot oil. 


CasInc PROBLEM 


The most difficult problem confronting engineers cad geologists in ‘ 4 
the Texas Panhandle is the proper setting of the oil string where produc- on 
tion is expected in the granite wash. Originally large volumes of gas 
were encountered in the granite wash above the oil pay. This gas has ~ 
been greatly depleted in that both the volumes and pressures within 
this zone decline very rapidly, so that after a few months the gas often 
completely disappears. If this upper gas and the oil are not separated 
by casing, the oil, owing to differential pressures, is dissipated laterally 
into this upper zone, formerly carrying gas, and the production from the 
particular well declines very rapidly and reduces the ultimate recovery. 
The oil string of casing should be set below the gas in the granite wash 
and as near the oil-producing zone as possible without casing off the oil. 
This is not easily done, as there are few good casing points within the 
granite wash formation. To date there has not been any solution 
developed worthy of mention to overcome this very serious problem, 


TaBLE 1.—(Continued) 


Total Oil Production, Bbl. prayerage OF, | Total Gas Production, Millions Cu. Ft. 

& 

| ‘ : Daily Per | Per Well Maximum 
g To End of | During During | Average | Acreto} Daily |To Endof| During During Daily 
Ff 1933 1932 1933 during | End of | during 1933 1932 1933 during 
A Nov., 1933} 1933 | Noy., 1933 1933 

1 | 19,403,247 | 1,792,708 | 1,735,200 4,867 1,293 19.47 

; 89,444,700 |11,185,177 |10,395,226 23,029 2,293 27.12 

4 | 99,289,931 | 4,513,298 | 4,000,410 10,664 2,112 13.53 

5 2,065,905 406,536 351,971 939 2,065 72.23 

6 33,822 0 0 

7 1,894,973 123,449 149,840 492 541 ne 

8 |212,132,578 |18,021,168 |16,632,647 39,991 3,914,9111| 413,8861 | 471,1201 1,621! 


‘ Gas figures are composite for field. These figures are the best available but are subject to correction. 
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and it should command the constant attention of the petroleum engineers 


engaged in future operations in this area. 


Gas 


There were 23 gas wells drilled during the year, with a total open flow 
of 673,802,485 cu. ft.; 45 depleted oil wells were plugged back for gas, 
with a total open flow of 349,600,000 cu. ft., increasing the open-flow 
capacity from 16,085,000,000 to 17,108,402,485 cu. ft. for the entire field. 


New DEVELOPMENT 


Two new areas of production were developed during the year. The 


Badger pool, in southeastern Hutchinson County, was extended some > 


4 miles to the northwest. This production occurs in the dolomite, which 
carries the large volumes of gas higher on the structure. The other new 
area is in west central Wheeler County, a 114-mile eastward extension 
of the Bell area in east central Gray County. This production occurs 
in both dolomite and granite wash. 


Propucine ZONES 


The Panhandle field has been subdivided into pools more for geo- 
graphical than for geological reasons. A few of these pools are charac- 
terized by only one type of producing formation, but it is the general 
rule for the production to be found in more than one. As wells are drilled, 
these pools tend to merge into one large pool. Since the oil is found at a 
horizon that is in close proximity to sea level, as the development pro- 
gresses downdip production is encountered in the various porous forma- 
tions as they intersect this nearly flat producing horizon. As a result 
any one pool may produce from all of the known producing formations. 

These producing formations vary in lithological character, which has 
a very pronounced effect on the size of the wells. Descending in the 


TaBLE 1.—(Continued) 


Number of Oil and/or Gas Wells Average Depth, Ft. Oil eee jana 
During Number of Wells 
1933 At End of 1933 (Approx.) 
8 Completed Bottoms of | To Top of 
to End of | -y | § Productive | Productive 
B  i933 £ | & | Produc- | Produc- | Produc- | _Total Wells Zone : eoF 
a | S|} ing Oil | ing Oil ing Gas | Produc- Flowing | Pumping | yr; 
g gis Only |andGase| Only ing 
4a Oo|= 
1 467 15 2 99 149 191 439 3,150 3,050 12 234 2 
2} 1,105 73 | 10 171 703 152 1,026 3,100 3,000 44 824 6 
3 4 4 3,200 2,900 
4) 1,352 34 | 36 486 326 119 931 3,000 2,900 40 771 1 
5 92 2 1 6 8 69 83 3,500 3,400 1 13 
6 42 42 42 2,500 2,300 
7 281 12 1 23 23 228 274 2,450 2,350 2 44 
8| - 3,343 136 | 50 785 1,209 805 2,799 99 1,886 9 


ree County the eee is found 

of the time equivalent to at least a part ofthe gra. 
The dolomite series is now considered to be Permian while 

wash and limestone are Pennsylvanian in age. : 


PROSPECTIVE DEEPER PRODUCTION 


The oldest formation in which production is obtained in the P Pan- 
handle is Pennsylvanian. While very little is known concerning 
occurrence of pre-Pennsylvanian sediments in this area to date, it seem 1s 
to be the prevailing opinion among geologists that there is a very strong q 
possibility that older beds, which are productive elsewhere, will be found 
beneath the granite wash on the flanks of the main structural feature. 
Two wells have been drilled, the Phillips Petroleum Co. No. 12 Elva in | 
Hutchinson County and the Shamrock Oil and Gas Co. No. 1A Burnett — 
in Moore County, mentioned elsewhere in this paper, which add evidence 
to substantiate this theory. Wells have been drilled to solid granite 
on the top of the structure in each of the present producing counties, © 
eliminating a part of the area for possible deeper production. 

The writers believe that there will be extensive exploration work 
done within the next 12 months in an attempt to discover deeper oil 
in the Panhandle. 


WILpcAT OPERATIONS 


Several wildcat wells were drilled in nonproductive counties in 1933. 
At this time there are three semi-active and two active drilling wells. 


fe 


TaBLE 1.—(Continued) 


Character of Oil, {Character of Gas, Deepest Zone 
Pressure, Lb. Approx. Average Approx. Average Producing Rock Tested to End 
per Sq. In.2.¢ during 1933 during 1933 of 1933 
“s ‘ 
Average |Gravity A.P.I. = 
atEndof} at 60° F. Gal. Bs 
3 Initial B.t.u. | Gaso- Ris — 
E nitia g elgel 2 per ’ line Ageg Character* 5 sz9 Name Hole, 
‘e lal sales Cu. Ft.3 | per M. 5\/348 
z 19321033) 2 | 8 SSeS 3 CuFt| g 3\458 
S el. oF ISO s 
3 = |S E<le*|3 Z g\22n 
1 425 | 353) 348] 45 | 32] 39 | 0.6) M| 1,094 0.67 | 45) Per, Pen| D, Da, G 
2 | 425 | 355] 335) 45 | 31] 39 | 0.4) M| 1,103 | 0.79 | 48 | Per, Pen| D, Da GW atl 119 
25 | 425) 425 4 | Per D Af 11 
4 425 363] 325) 39 | 29 | 35 | 0.8! M| 1,106 0.56 | 4.5) Per, Pen} D, Da, L 
5 | 425 | 420) 399] 36 | 30 | 31 | 0.8) M] 1,056 | 0.53 | 48| Per’ Pen| D/L, awe at] | Pen’ 3545 
6] 425 | 420) 419 1,069 48] Per, Pen| D, GW Af| 12 ‘ 
7 425 | 386) 374/ 44 | 30 | 35 | 0.4) M] 1,070 0.53 | 45) Per, Pen} D, Da, GW | Af 44 
8 | 3343 | 136 261 


2 Pressures are for gas wells and braden-hi 

8 Dry gas—30” at 60° F. es 
4 Big Lime series (Wichita-Alban y). 

® Upper Pennsylvanian (undifferentiated). 


fe & Gas Co. No. 1A arveat, in sec. 359, block 44, 
, Moore County, is very interesting geologically, since 
illed through the granite wash and is in Pennsylvanian sediments 

5 ft. The Woolsey-Devore No. 1 Oxnard, in sec. 85, block 2, 
\.B. & M. Survey, Randall County, is now drilling at 4577 ft., and 
robably will be drilled much deeper before being abandoned. While 
his well does not show promise of encountering production, it has created 
considerable interest because there are very few wells of this depth on 
the south side of the granite ridge. 


NaTuRAL GASOLINE PLANTS 


aa The manufacturing of natural gasoline has been greatly stimulated 
_ by the revision of the laws permitting the unrestricted use of gas from. 


TaBLE 2.—Summary of Drilling Operations in Texas Panhandle 
(Figures in body of tabulation represent number of holes.) 


of Completed Prior to Jan. 1, 1934 Completed during 1933 
; . : < Drilling or 
a Dry and fox Heae-sty Dry ee Taccmplets 
at End of 
Produc- Poel 1933 
County Total Depths, Ft. ive, | Total Depth, Ft. vee 
Z or 
Ae Details, 
See Tabet) | 

slglgisje| jm™lelgig;g| |") 2) 2 
a a | oo |S ale Ye) g S 
slejzlgjelz| jelgielgid| |2|2 

4 = a 3 = Y=} a al aq Or) s |B E es] 
Ee 0 0 2) 3 0 5 0 0 0 0 0 0 0 0 0 
0 0 0; 1 0 1 0 0 0 0 0| 0 0 0 0 

0 0 0; 1 0 1 0 0 0 0 0 0 0 0 0 

4 8} 20! 0 1} 33 439 0 0 1 0 1 15 8 0 

" 0 0 oO} 1 0 1 0 0| 0 0 0 0 0 0 0 

RRROFORE Cu eres ose ew es 4 4 4; 1 1 | 14 0 0 0 0 0 0 0 0 2 
Collingsworth.........-----.-- 3 6| 5) O| 0} 14 0 Otay Toy ON 0 0 1 

0 aE Oe a ae ee ae 0 1 2) 5 1 9 0 0 0 0 1 1 0 0 0 
RA ita £0 sinned A 1 2 ir 2 0 6 0 0 0 0 0 0 0 0 1 

MGR EMOGIT Sry SAT OT 8 cree les. 0 0 it 0 0 1 0 0 0; 0 0} 0 0 0 1 

0 aod 0 8 0 0 0 0 Ne a 0 0 0 

0 0} 2 On) 2 0 0; 0 0 0 0 0 0 0 

45) 66) 5 0 119} 1026 1 6 3 0 | 10 73 48 0 

0 |) ae 0 3 0 0 0 0 0 0 0 0 0 

3 3} 0 LAbiLe 0 0 0 0 0 0 0 0 0 

0 ie | 0 3 0 0 0 OW ONO 0 0 0 

2 5) 3 nls 4 0 0 0 0 0 0 0 0 

0 3] 0 1 4 0 0 0 0 0 0 0 0 1 

9} 20) 1 1 | 33 931 1 0 0 0 1 34 15 0 

0 0} 2 0 3 0 0 0 0 0 0 0 0 0 

0 0; 3 1 4 0 0 0 0 0 0 0 0 0 

2 6| 0 0 9 83 0 0 0 0| O 2 3 0 

0 2| 5 0 7 0 0] 0 0 0 0 0 0 0 

0 1} 0 0 2 0 0 0 0 0 0 0 0 0 

4 4; 1 1 | 10 0 0 0 0 1 1 0 0 0 

0 2} 0 bY 3 0 0| O 0 0 0 0 0 0 

3 5] 4 0 | 12 42 0 0 0 0 0 0 0 0 

2 yO i | 0 5 0 0 0 0 0 0 0 0 1 

1 Old ul 3 0 0 0| 0 0 0 0 0 1 

0 2) 2 0 4 0 0 0 0 0 0 0 0 0 

27 Spel 0 | 44 274 0 0 0 0 0 12 14 0 

119| 168] 48 | 11 |384) 2799 2 t 5 2 | 16 136 88 8 


i Deed = 
=. LO} GWA dia ast 


pal al 


number of Baal He bs extract 0 
under construction. The combined product 
1933 was 222,855,318 gallons. TANT ith, 


--¥ a + 7 
(mond woe tua mene hi a 
CARBON Buack inood jeseiat aida 


There are 25 carbon black plants now operating and two shut 


plant operators exhibit a noticeable reluctance to impart specific informe 
tion concerning plant recoveries, it is impossible to arrive accur: 
at the carbon black production figure from the gas consumed, as the 
amount of carbon black recovered per 1000 cu. ft. ‘a £281 varies grea yo 
with the grade produced. = = 


REFINERIES Be: 


The total refinery capacity for the Panhandle is 58,250 bbl. daily. 
Of this amount 2250 bbl. were added during 1933 by the construction — 
of three new plants. The plants operated in this area are either of the 
cracking or skimming type and their total runs for the year 1933 were _ 


10,230,412 barrels. 
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Oil and Gas Development in Southwest Texas during 1933* 


By Our G. Bewi,{ Larepo, Texas 
(New York Meeting, February, 1934) 
DrvELOPMENT and exploratory work continued vigorously during 1933 


in Southwest Texas and, from a standpoint of new production discovered, 
the new discoveries probably equal or may even exceed any previous 


year in the history of this area. While exploratory work has been general 


over the area much of it has been confined to two localities; namely, 
northern Duval-southern McMullen counties and Starr County. 

A persistent effort has been made to open new productive areas in 
northern Duval County and the adjacent part of McMullen County, 
occasioned primarily by the fact that the Government Wells group of 
fields in northern Duval County have been by far the best fields so far 
developed in this part of the state, and the possibility of being able to 
find new fields in the same general area under similar geologic conditions. 

This has resulted in the discovery of three new fields, Northwest 
Government Wells, Moca and Eagle Hill. In addition encouraging shows 
have been found in North Kohler, Hoffman, Smith-Hunter and the 
Ignacio areas with the prospect that continued exploratory work will 
develop some of these prospects into fields. 

Wildcatting in Starr County was the continued result of an effort to 
find a trend of production through the county southwestward from the 
older. Reynosa Escarpment fields in Webb, Jim Hogg and Zapata 
counties. This same impulse has caused most of the wildcatting in 


Zapata County. 


New FrIevps 


Cuevitas.—During the early part of the year the Sun Oil Co. began 
some core-drill work on a block of leases in northern Starr County, then 
in June drilled a test which found production in the McElroy member of 
the Jackson at 2200 ft. Drilling in this field has continued but the 
productive area has not as yet been clearly defined. Seven oil wells and 
three gas wells have been completed. There is as yet no pipe line outlet 
for this production, hence no productive history of the wells has been 


[ Although the author did not undertake the compilation of this paper until 
Dec. 26, he has furnished an enormous amount of data. F. A. H., Vice Chairman.] 
* Published by permission of the Humble Oil & Refining Co. 
+ Geologist, Humble Oil & Refining Co. 
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ee oY, 


was discovered by a test drill 


it 


d near a fault 


found production at 900 ft. This field lies between he old 
field discovered in 1932 and later abandoned and the 8. Re 
northwestern Duval County. This field has developed into a re 
good shallow producing area. The Duval County pipe line was 
structed from this field to a loading rack on the Texas-Mexican Railw 


near Benavides. 4 


his are 


TaBLEe 1.—Oil and Gas Production in Southwest Texas 


is Average Oil 
SN ig grb Total Oil Production, Bbl. | Production, 
S cres : Bbl. 
S == 
oO oO 
, Z “erbCe g 
g Field, County 2 mal z a 
t 2 > z 
g Fl Cas | Total To End of | During | During £5 g aS 
Oil . 1933 1932 | 1933 | F@| os] = 
Za @ < 5a | 36 
g A =e Si (ee z 
5 P Zs| 23 | 8 
Wot Reisers: Webbs... scces sae sierslancays 25 0 0 0 0 0 0 
2 | Jennings, Zapata............-. 20 0} 320 320 0 0 0 
3 | Charco Redondo, Zapata....... 14 336 40 376 128,552 _ 9,407 2,474 11} 400] 0.07 
4 | Mirando Valley, Zapata........ 12 115 40 155 597,017 12,957 11,578 31] 5,550} 1.9 
5 | Mirando City, Webb........... 12 | 1,480 0| 1,430) 8,110,165) 254,428) 217,734) 549} 5,665) 4.1 
6 | Carolina-Texas, Webb.......... 12 90| 770 860 256,025 26,218 24,503 89} 2,846) 8.1 
Ty) Aviators Webbs. ores scr + ont tey ll 955 0 955} 5,021,925} 229,265) 198,364] 495] 5,258] 3.8 
8 | Henne-Winch-Fariss, Jim Hogg.| 9 715) 440] 1,155) 3,249,259 8,228 3,752 24| 4,544) 8.0 
9 | Cole, Duval, Webb............. 9 105; 4,000) 4,105 411,265 69,217 85,304, 130] 3,917] 14.4 
10 | Randado, Jim Hogg........... 7 733| 150 883} 3,800,052) 183,067) 140,767; 283] 5,184] 2.1 
11 | Chittim, Maverick............. 7 0} 320 320 0 0 0 0 0); 0 
12 | Alworth, Jim Hogg............ 7 20 40 60 24,049 3,248 1,686 1,202} 0 > 
135). Cuellor, Zapataccc.cs 5. «wren 6 315 0 315} 2,311,484) 324,254) 110,568) 188] 7,336] 3.5 
14 | Albercas, Webb................ 6 321 0 321} 2,319,039] 111,318 67,123) 124] 7,224] 3.3 
15 |, West: Cole, Webbs. 56 seas. face 6 330) 640 970) 2,558,768) 416,424) 268,875) 618] 7,663] 10.1 
16:1|| Driscoll; Duval... ccs i0a- ook 6 60} 220 280 282,803 66,608 54,168 81] 6,396 | 27.0 
Decl Boner, Daeehs caccscrcuss selene 6 170 0 170 367,365 56,208 55,384) 148] 2,135] 16.4 
18 | Government Wells—Middle, 
DOIN RSticse Rabon nee te en 5 340 0 340) 2,157,101] 326,033) 276,295} 551) 7,704] 13.1 
19 | Cow Hill, Zavallo.............. 6 0} 1,000} 1,000 0 0 0 0 0| Oo 
20 | Martinez, Zapata.............. 4 0} 400 400 0 0 0 0 0| oO 
21 Roma, Starr aes PRAMS. ORE 4 10 30 40 14,422 4,750 3,720 0| 1,440) 0 
22 | Escobas, Zapata.............++ 4 | 2,464 0} 2,464) 4,118,616} 1,488,805} 895,393] 2,074| 1,671} 9.2 
23:4) S: RO Dibak..2. h atehen eee 3 40 0 40 144,483 53,490 28,633 99 | 3,605| 19.8 
24 | Government Wells—South,Duval| 3 690 0 690} 3,479,821) 1,666,344) 709,827) 1,369] 6,823| 42.8 
25 | Los Olmos, Starr.............. 3 160 0 160 251,847 98,793) 153,054 325) 1,573) 5.3 
26 | Jacob, McMullen.............. 2 800 0 300 167,075 44,202) 122,873) 252 561) 16.8 
“tt lt ee ae en ae 2 a : 335 pater 194,599} 353,582) 865] 2,000 3.8 
lo Grande City, Starr......... 22 9,438 17,92 ‘ 
29 Sore Wells—North sel estes we lecanee eri 
UL. Ti. SPORREL AgSE.. dee. 2 | 3,000 0} 3,000) 3,915,345) 799,839) 3,115,506] 7,592 | 1,628] 33.4 
SO) Laurel, Webbe. ccsinatitaeaeieacn 2 221 0 221 475,578) 134,365} 341,213 263 2/160 8.5 
BL Moca, Webbssks sant ce eset 1 27 0 27 100,579 
32 oksargi Wells—N. W., BF 1005TH SS eee 
HUOGL 6s» ciapayes ao stash) « pecan eetoigil it 500 0 500 78,649 78, 
33 | Cuevitas, Starr... sec, 1| 450] 120] 570 1,960 1960 3| ES 
34 | Eagle Hill, Duval..............| 1 120 0 120 18,622 18,622] 279 93.0 
35. |) Totdl.,....-.0cs. sea 14,374| 8,530 | 22,904] 44,959,435] 6,599,995] 7,473,606 ils 8 anaes 


eae. he ee ee oe ee ee ee 


+8! 6 ee ae oe Re A? =e 
SOLE iG BEL TOE TEN BAY i BS0- 


PE, 
~The Bagle Hill field in northern Duval County was Mie 


g reise of 1933. Srna ae seven oil wells have been contin Ai one 
test, which found gas in the Cole sand, has been carried on down to the 

~ Government Wells and Mirando horizons but failed to find commercial 
4 Beescucuion! in either of these sands. 


Taste I.—(Continued) 


is Production | Pr OF Ol 
J 5 o uction ‘essure, 0) * 
P|) maar | eesti SSE TEE | doom | Pst 
eae at End of | Sq. Ine Average 
1933 during 1933 
3 During | At End of | Number of ietetes at renied: 
es 1933 1933 Wells End of 60°F. 
= } 
Maximum| bo 
eu | During | During Daily . = 2 
B| 1932 1933" during = 2 6 é eran ‘ 
; . eig 
g z E é B | E| wv | gp | 1992] 1939] gee | a 
a a | ¢ S2\a| 2 | ¢ ip: 
EI # || 2 |28/3| 2 Z ELBE 
RS Oo 15 |=4 |a-|e| & FA Seals 
1 15 0 0 0 0 0 2 | Eoc| S 
2| 402.0/ 570.1|May 0.20} 25| 1] 0 0 0 0] 230 | 251 21 Eo | § 
3 66.0 | yobs! 136 0 | 136 17 2 | Boe | § 
ale 245-2 8.6|Feb. 0.03} 39|/ 0O| 3] 16 0 |  16| 261 | 275 22 2 | Boe | § 
5 1.0 294| 0| 48] 133 0 | 133] 740 22 2 | Koc | § 
6| 1,324.2] 1,185.0] Jan. 4.00] 63] 2] O]| 11 0 | 11| 276 | 260 34 2 | Boc| 8 
7 210| 0} 25 | 130 0 | 130 22 2 | Boe | 8 
8| 569.2} 309.2|Jan. 1.00) 191] O| 9 3 0 3| 199 | 167 22 2 | Eoc | § 
9| 8,675.0] 8,693.0] Feb. 29.30) 152] O| 6 9 0 9] 321 | 290 22 2 | Eoc | § 
10| | 12.4 100.0] Feb. 0.60] 189] O]| 7] 134 o| 134] 62] 55 22 2 | Eoc | § 
11] 549.0] 944.5 Bl sl OL. ot 0 0 0 z | Koo| 8 
12 10 0 0 0 0 22 2 | Eoc| S 
13] 29.4] 13.0) Apr. 0.04 80] 0} O| 53 0 | 53] 190 | 305 22 2 | Hoc | § 
14| 283.0] 191.0| May 0.80] 79] 0] 16] 37 0| 37] 209 | 191 22 2 | Eoc | § 
15| 685.3! 605.2|Jan. 2.0] 99| 0] 8] 56 0 | 56] 313 | 290 22 2 | Eoc| § 
16| 179.0| 182.3| July 0.50] 15] O] 0 3 0 3| 780 | 797 22 2| Eoc| 8 
17| 2,427.4] 2,296.0| Feb. 8.40) 72} 0] 3 9 0 9| 319 | 287 22 2 | Eoc | § 
: Piel a htstes biel ee |i) Es 
19} 113.0) 99.0 1.5 x | Boe 
20| 174.3} 349.3|June 1.60} 19] 5] 0 0 0 295 | 269 9 | Foo | § 
21 ar or ee | or. ot 35 3 | Eoc | 8 
22| 106.0 256|- 23 | 8 | 235 0 | 235] 254 22 2 | Boe] § 
cd Shoaseulkepile sas orl we@pltyee Wves0 ey chia Wiecleaihateat 
59.6| 316.6/Jan.-1.00| 45] 8| 0 0c 
oA : 4“ lf rs ae 0| 61 22 2 | Eoc| 8 
26 17 10a. 15 o0| 15 22 3 | oc] 8 
97) 25.7 28| 15| O| 23 0} 23] 56 22 2 | Koc | 8 
2 UY pichons : 199 43 705 | 677 rH 3 ioe 8 
1.4] 29.0] June 0.01] 258| 161] 0] 240 7 an 
3 40} 233.0] Aug. 1.10] 38| 28] 0] 31 0 | 31] 530 | 365 48 3 | Eoc | § 
31 To et Oe Ut o| it 22 2 | Boe | § 
10.4] Oct. 0.30} 10] 10] 0 ipa 
a 3 Situs 0 7 0 7 22 2 | Eoc | § 
36 | 15,736. 1| 16,035.2 2,570 | 321 | 158 | 1,478 231 | 1,247 


> Footnotes to column headings and explanation of symbols are on page 175. 
1, Depleted. 2, Jackson. 3, Claiborne, 


TasBLe 2.—Summa ry of Dr Uli c per 
_ (Figures in body of tabulation repre! 


Total Depths, Ft. 


la Lars Be a ws Se lene A st 

0-1000| 1000-2000] 2000-3000|3000-4000|4000-5000| 
snl 0 0} «7 em 
era | oe Hs opal tee 6 2 | 2s | 2] 6 
Wie en eee 1 0 0) 9 7 
Jeri ce ee 7 bane 
Tog Sap area aC on 1 2 1 ee ieee ee Tae wes 
Maverick...0.......0.- 000000 0 ot. 64 i 
Malti eee ee Fal power 15 3 27} 0] 4 3 
Dtarnnee accu mss ceuade see Rae 12 3 5 1 a 22) 22 4 10"; 
WebDis ac. -cov tyes tenggadete se 1 4 10 1 1 17 42 4 2 

P ESE Wee tee PC Aa ark ce Me 1 13 15 3 31 29 4 3 

Zavallachh:.c2%.5 spstodgey cs Sane : 0 0 0 1 
Totals... 30:2 eae meee ee 33 29 61 13 2 1381 321 43 


1 Includes only those outside of fields. 


Government Wells—Northwest—The northwest Government Wells 
field was discovered as a result of wildcatting in an effort to find produc- 
tion along the fault trend through northwestern Duval County. The | 
first well was completed as a gas producer in the Cole horizon, the next _ 
one failed to find production in the Cole horizon at 1500 ft. but was 
carried on down and found production in the Government Wells sand. 
Development since has shown this to be a field similar to the north field 
and it now seems probable that production in the northwest and north 
fields will actually connect. The productive area in this field has not as 
yet been defined. 


DEVELOPMENT OF PROVEN AREAS 


Government Wells—North—The north Government Wells field was 
discovered in June of 1932 and development has been steady up to the 
close of 1933. The producing area has not as yet been entirely defined 
but it is doubtful whether much new producing area is added to it. 
Development in this field has been systematic and carried on in an 
orderly manner under definite proration and well-spacing orders of the 
Texas Railroad Commission. 

Government Wells—South.—Development in the south Government 
Wells field has likewise continued during 1933 but has consisted mainly 
of steady development toward the north end of the field, and this has 
indicated that the trend of production is slightly west of the old middle 
Government Wells field. This development still continues and the 
northern productive limits of the field are not as yet defined. Here, as in 
the north field, development has been steady and systematic under 
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- proration and well-spacing orders of the Texas Railroad Commission with 
a limit on the maximum gas-oil ratio allowed. 


_ Escobas.—The Escobas field in northeast central Zapata County 


has continued slowly but steadily during 1933 and has consisted of 


continued drilling in part of the previous proven area and also a continua- 
tion of drilling at the north end of the field, which has opened up new 
producing acreage to the north. 


PRORATION 


Except for the Government Wells group of fields, proration did not 
become generally effective in this area until Sept. 8, of 1933, at which 
time the Texas Railroad Commission orders placed a maximum allowable 


~ on each field in this territory. Actually this new order affected only the 


Government Wells group of fields and to a slight extent some of the older 
fields in which some of the wells were still above the marginal well 
allowance as defined by the Texas law. Thus the Driscoll field, some 
wells in the Escobas field, etc., were affected. For the remaining fields 


the maximum allowable set by the Texas Railroad Commission was. 


slightly above the maximum potential of these fields. Thus practically 
all the wells in these older fields were below the marginal well limit. 


Gas DEVELOPMENT 


Gas withdrawals from the fields in this area during the year continued 
at a rate slightly below normal to normal. The normal decline in pres- 
sure in some of the older fields necessitated many of the wells being at 
least temporarily shut in although not abandoned and heavier pulls from 
nearer producing areas. The net withdrawals from the area, however, 
remained about the same. There was very little new gas development 
during the year and the reason is that there is much more gas already 
developed than the American companies need at the present time. 


SuMMARY AND PROSPECTS 


On the whole, therefore, wildcatting during the year gave promise of 
opening several new producing areas and continued wildcatting during 
the year will probably definitely find some new producing fields. 

Exploratory work during 1934 will probably continue vigorously. 


? a 


Development and Production in West Texas, 1933 


By Coun W. Reiru,* [raan, TEXAS 
(New York Meeting, February, 1934) 


Tue development of production in West Texas during the year 1933 
was largely confined to the expansion of proven areas, especially Ward 
County, Iatan and North Winkler. Wildcat activity was at a compara- 
tively low ebb and resulted only in discoveries of probable minor impor- 
tance in Ector County. 

The interest shown in deep wildcatting to test beds of pre-Permian 
age was a new development, which should soon throw light on the possi- 
bilities of deeper production from the present producing fields. The 
important pre-Permian tests of the year were: 

1. Stanolind Oil and Gas Co., Todd No. 1, a unitized test, in north 
central Crockett County on a probable continuation of the Big Lake 
trend. The well encountered several showings of oil and penetrated an 
Ordovician section very similar to the productive zones at Big Lake, but 
was abandoned when sulfur water was encountered at 8041 feet. 

2. Gulf Production Co., McElroy No. 103, in the McElroy Field, 
Upton County. The well was drilling at 8553 ft. at the close of 
the year in beds of probable pre-Permian age. The test is an important 
one because it should prove or disprove deep production in the Church- 
Fields-McEHlroy pools and also throw geologic light on the deep possi- 
bilities of other fields in the western part of the Permian Basin. 

3. Humble Oil and Refining Co., White and Baker No. 1, in Pecos 
County, about 11 miles west of the Yates field. The well is on a non- 
productive Permian high and should indicate the deep possibilities of the 
Yates field. At the end of the year, drilling had progressed to 7200 ft., 
where beds of pre-Permian age are believed to have been penetrated. 

The major fields in West Texas, in which present-day proration had 
its inception, were produced under increased restrictions. A date of 
importance in the proration history of the area was Sept. 8, 1933, when 
the Railroad Commission issued an order placing all producing wells 
under proration. The severe reductions in total outlet made during 
1933 were well compensated for by a more than threefold increase in 
the price of crude oil. 

Acid treatment was one of the general engineering developments of 
interest. The work had not progressed sufficiently at the close of 1933 


* Petroleum Engineer, The Calif6rnia Co. 
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‘its butediies but apparently the results, though conflicting, will 
é ant acid treating campaigns in several partly depleted fields. Some 
engineers believe that many flush producers could be treated with acid 


to reduce bottom-hole differential flowing pressure, gas-oil ratio, and 
_ water coning effect. No doubt some work of this kind will be attempted 
- during 1934. The limestone pays in the West Texas fields are usually 
_ dolomitic and occasionally sandy, but tests made on cores from various 


fields have indicated high solubility in many cases. 

Pressure drilling with rotary showed additional value, with further 
refinements in drilling the Ordovician pays at Big Lake, deepening 
wells with high gas-oil ratio at Yates, and a limited application in Lorem 
_ through easily watered sand pays in Ward County. 


TaBLe 1.—Ouil and Gas Production in West Texas 


oD 
= A2 PE Total Oil Production, Bbl. 
a= 
i=} 
; 5} 
8 Field, County 2 & & 
: To End of During During | §,° 
g g | Ol | Gas | “i933 1932 1933 | 
Zz A mar: 
- Pea OD 
g g 258 
4a 2 Atr 
MUL OVEN, TRCEBEE ch. 5. See mos emcees < caveat ne 14 640 6,000 500 - 250 2 
Pra WVCSTOROOK, Lt MECH co. 5. a wis nteteovertTe sieie.e opin ees 13 4,000 6, 770, 846 411,721 378,336) 1,005 
Big Lake, Reagan 
3 ADORE DAG ie cine o's iA a. sine oaseisSiasin 10 y 2,006,2191 150,000+ 144,434 357 
4 BOG0=Lb- DAV sense och dhesissiocbanencace. 10 2,500 52,500,063!| 2,887,774 2,253,807| 5,650 
5 Ordovician (Cs ee Eee oS a 5 1,200 20,253,463 | 5,714,777 4,176,324) 8,400 
6 ety ee 9 480 76,125 7,265 7,128 23 
7 | Ira, Seu 9 640 98,550 9,490 9,322 26 
8 Church-F Fields-Melilroy, Crane, Upton........ 8 | 16,120 87,295,839 | 5,648,998 4,594,468! 8,702 
Howard-Glasscock, Howard, Glasscock 
9 PANO Le pay sates «ee «dea vole een cles s 7 700 2,655,000 291,894 321,418 650 
10 PTO SUNDAY aitn cacti th civ tees ssigeiet 8 5,000 8,754,452 836,351 825,532} 2,090 
pli SAUL bs PRS Mae cee eiae sishers ss fan <isln» svonaiaieve 5 4,000 19,723,816 | 3,303,034 2,953,733} 6,546 
12 2, 500-ft. Ca ae IA AAR cine Ue ae 6 1,000 4,376,233 625,026 527,147} 1,400 
13 3, ’000-ft. Nghe JOE I fe a eS 6 3,200 17,613,956 | 1,285,184 931,573} 2,331 
14 Tatan, Mitchell, Howard.« . Bx... oj. «ies egeee 8 5,000 1,097,895 202,662 144,024 832 
15 | McCamey, Upton 2S oe oe Sane ee 8 6,500 24,349,000 | 1,517,911 1,404,980} 3,870 
EW ROAG LDUING He fie coe nas cine tieleveasia®asens 8 4,000 4,312,986 | 1,125,965 922,751} 1,680 
17 | World- paid Grayson, Crockett, Reagan....... 8 3,069 4,273,028 427,604 340,576 605 
Yates, Pecos 
18 AMIG scl ce Sele Oto so ¢ kis ee oleate ntiiele © age one 7 | 20,000 180, i a 22,801,042 20,228,277) 41,816 
19 Band eee tO ote eho tassel 0 700 4,255 51 
20 (ie) )t' cers GRIER rc a ea a 1,000 2011801 509,849 459,124) 1,175 
24 | Hendrick, Winklenae. 2... write see ec eee 7 9,200) 50 | 167,266,003 | 10,229,339 7,341,115) 17,3883 
22 Scarborough- Teed iW triklen ek <5. Bites: geic « 6 1,860] 10 3,846,742 506,132 764,123} 1,685 
23 | Pecos Valley, Pecos "ete: en Ser Ae, See ae 5 1,160 374,124 117,121 80,963 247 
DASIPEY OR; EECOB cects's She sine voles oi cles aiee oe dain's 5 160 18,623 6,333 6,760 18 
-Link, P 
25 oa nave a. og 2 ae | eer Pee 5 1,000 2,634,193 274,348 186,145 416 
26 ot Re nee Seeetee tee ee ee 4 450 417,521 or : Pie 4 e 
Lae A is a, JOR eh apni Bic 5 6,150 7,157,089 | 1,878, ,693, 150 
3 ad peed ma ; = ec Be Gere. ar sete One 4 340 68,630 10,382 7,487 10 
29 Penn, LOL coe One Sel OE IOP aah SEE Cai 3 2,920 9,032,715 1,676,388 1,722,457) 5,250 
30 Deeprock- Fuhrman, Andrews.............. 38 3,000) 700 48,000 4,000 14,000 600 
GLUT ee ies ics Oe = «oi siahas’= 3 3,200 153,753 12,134 107,790 781 
s halen ltor *s Pee SRS ete a 1 800 130,156 130,156 402 
33 Total Deere tatet Nac aie vate teres sla. icreve)ejereiata.nisie/ee 109,989} 760 | 629,606,449 | 62,508,255+ 53,716,031] 119,241 


1 Production from 2,400-ft. pay in 10 wells, now deepened to 3,000-ft. pay, is reported with 3,000-ft.pay. 


ere a eae et 


nage wells ateien shallow Beart ere 
rotary equipment, tubed, and gas-oil ratios reduced from sev’ 
sand to an average of less than 150 cu. ft. per barrel. If necessa 
prevent gas waste all new wells were drilled in under pressure. 
adjustment of proration potentials was continued in the ratio of lo 
1300-ft. datum pressure on each well to prevent the gas waste and w 
coning that would result from open-flow potential tests. The immedi: 
effect of the intensive gas-conservation program of the past two years © 
has been: (1) to reduce the average field gas-oil ratio from 525 to 275 cu. on 


ry 


TABLE 1.—(Continued) 


A Oil Production, Total Gas Production, ; ¥ 
verage ae Millions Cu. Ft. Number of Oil and/or Gas Wells 
During 1933 At End of 1933 
Per Maxi- 
Pee wen : ‘eee hes 
Acre foot | Daily | To End| During | During | Daily | pleted Tan 
B | to End | to nd | during | of 1933 | 1932 | 1933 | g to End bE ek 
g | of 1933° | of 1933 lov. 1933 | of 1933 g z % 3 Be PE 
z # | 2 |e3| 22 lea 
ao a i 
E £ | 2 |ga| £8 |2 
1 94 94 y 35 0 y y y 
2) 1,693 34 9 119 0 0 4 113 
3 x x 45 x 2 x z 212 0 2 0 I 
4] 21,000 700 27 261 0 27 y 208 
5 | 16,878 42 763 y y 7] y 22 8 0 7 14 
6 158 13 6 12 1 t 0 4 
7 154 6 5 7 0 0 0 5 
8} 5,415 27 25 59,094 | 5,032 3,026 12 343 2 0 1 342 
9| 3,792 63 12 52 0 0 0 52 
10| 1,750 70 8 260 4 0 0 254 
11| 4,930 y 163 120 21 0 0 120 
12| 4,376 y 35 40 0 0 0 40 
13| 5,504 7] 30 88 0 0 0 76 
14 219 4 18 57 15 0 0 48 
15| 3,750 125 14 376 1 y y 260 
16} 1,078 154 25 74 2 0 0 69 
17| 1,392 107 17 59 0 1 2 35° 
18| 9,014 150 99 83,000 7,000 7,000 30 424 16 0 25 399 
19 1 26 3 3 0. 0 3 
20) 2,012 101 16 77 3 0 1 76 
21) 18,181 y 42 x x x x 628 0 28 98 416 | 5 
22) 2,122 7] 44 49 16 4 7 38 | 1 
23 322 y 12 21 1 y 0 21 
24 116 8 9 3 0 0 0 2 
25 | 2,634 176 13 47 1 3 7 33 
26 928 155 6 21 0 1 1 14 
27 1,163 46 26 218 77 0 y 209 | 3 
28 202 20 1 15 2 0 0 15 
29) 3,114 389 65 6,crx 1,845 1,349 4 83 i 1 0 8h! d 
30 16 1 125 6 1 0 1 5 
31 48 y 112 5 
32 163 y 67 6 : 0 4 
33 3,544 | 186 2,973 10 


» Footnotes to column heading and explanation of symbols are on page 175. 
*Ten of these wells have been abandoned in 2,400-ft. pay and deepentd to 3,000-ft. pay 


patrols of oil Padaiteds (3) to ka calicd bottom-hole pressures throughout 


_ the field; and (4) to level the oil-water contact. 
The Yates field went into first place among West Texas fields in the 


total recovery of oil when in March, 1933, it surpassed the Hendrick field. 


The Yates Sand, a shallow pay of minor importance, was first devel- 
oped during the year. The productive area will be limited to about 
700 acres, and the wells will be small pumpers. 

Ector County—Two new productive areas were discovered. Harrison 
et al. Addis No. 1, approximately 414 miles west of Odessa, was com- 
pleted at 3930 ft. in January, 1933, with an initial potential of 445 bbl. 


TaBLeE 1.—(Continued) 


pet Depth, Oil Production Methods Pressure, Lb. per Sq. In.¢ Character of Oil 
i at End of 1933 f Approx. Average during 1933 
Number of Wells Average at End of] 4 pGtavity, 
2 | 3 
S Ss 
al o 
2 3 
3 | 3 Initial g | . | Bases 
& 3 | Flowing | PY™P- | Gas-if 1932 | 1933 s | 8 
3 & OWNS Se irr t & oO 
2 - he 
eae pL g|g|é 
2/2|é aifl2ié 
“29 ae as s |S} | 2 
1 100 100 0 x aD 27 1.73 | M 
2] 3,000 2,900 0 113 1,000 250 y 27 25 26 2.52 | MA 
3| 2,500 2,375 0 8 0 z Ea 35 y y 
4! 3,000 2,970 0 208 x z L x £ 36 0.36 | M 
5| 8,800 8,500 12 0 2 3,750 2 £ 58 42 46 OAs), F 
6| 2,600 | 2,510 0 4 2 x «| 40 | 38 | 39 | y y 
7\ 2,395 2,325 0 5 xz z 25 25 25 2.06 | M 
8} 3,000 2,800 46 295 1 725 556 538 33 30 32 2.50| M 
9} 1,400 1,340 0 52 x rd z y y 33 1.02 | M 
10} 1,750 1,725 0 254 x x ba y y 32 0.82 | M 
11] 2,300 y 0 120 x z x y y 30 1.60 | M 
12| 2,600 y 0 40 z z oF y y 27 3.43 | M 
13} 3,005 0 76 x x 2 y y 27 2.01} M 
14} 2,800 2,600 0 48 1,000 680 y 32 30 Bu 1.99 M 
15 | 2,335 2,000 0 260 = Ed y y y 28 1.98} M 
16| 4,304 4,297 64 5 1,650 7] 1,500 39 37 38 0.21 | PM 
17} 2,660 2,645 0 35 £ z x 30 28 29 0.66 | MA 
18| 1,450 1,310 375 24 700 564 547 31 29 30 1.57] M 
19 938 890 0 3 110 110 y y 32 y 
20 445 400 0 76 160 80 60 y y 23 1.90 | M 
21} 2,900 2,600 239 177 x x 2 35 24 28 1.53 | M 
22) 3,425 2,850 29 9 z z z 36 28 32 1.30] M 
23 | 1,600 1,300 0 21 zt “7 z y 30 y y 
24] 1,400 1,385 0 2 x £ 55 24 24 24 0.6 A 
25} 1,675 1,630 1 32 600 2 z 31 29 30 1.32 | M 
26; 1,000 970 1 13 275 x é] 28 28 28 y y 
27 | 2,575 2,440 208 1 1,400 | “1,350 1,250 36 29 32 1.10} M 
28] 1,410 1,400 0 15 £ a 2 y y 40 7] y 
29] 3,700 3,590 73 8 1,500 x 923 35 32 33 2.6 M 
30] 4,500 4,425 5 0 z x Z 26 26 26 y y 
31] 4,300 4,200 6 1 1,640 1,632 1,627 34 30 32 sly, M 
32| 4,065 3,930 6 0 1,485 1,480 34 30 32 y y 
33 1,067 1,905 3 


a a ee eo ee ee TE ee ee eee ee 


ey me ie ia was: completed 
initial potential of 214 bbl. daily. importa 

discovery will not be known until additional wells are drille 

: The Cowden field, in the northern part of the county, » 

214 miles northwest of the discovery well. bottle, 

Howard-Glasscock.—Development in this field was jatewe 

to a 114 mile western extension in Glasscock County (MeD ' 

and to 1700-ft. pay drilling in southern Howard County — 


; 7 


TaBLE 1.—(Continued) — 


coats of Producing Rock 
Approx pe 
Average 
during 1933 
BS 
or Name Agee ee Name 
4 5 8 8 ry i = = 5 a 
S 4 g > 8 | 8 Iss? 
z | Be | ox 2 | 2 Fe] 2 BS8s 
gs be Brew 
£\z8 | 38 é | 2 [ese| a 2555 
1 ae pit | so | Por | ail|t | Del 
2 Big Lime Per D,L Por 50 | A 3 Pousti dung 
3 uly aS Per 5 20 z| A y 
4 4.0 | Big Lime Per D,L P,C 30) A 0 
5 | 1,200] 0.9 | Ellenberger Ord L Car 400 | A 2 Ellenburger 
6 Big Lime Per 8, LS Por 12: A 7 ‘| Permia: 
7 Big Lime Per D,L Por 25) A 7 Pansat 
8 | 1,110] 1.65 | Big Lime Per D,L 15 200 | A 3 Pennsylvanian 
9 Yates sand Per 8 Por 60 i 
10 Per 8 22 25 re 3 oo 
11 Per D,L Car 
12 |. Big Lime Per D, L Car : n 3 
8 Big ap Sad D, 3 Car y| A 13 
ig Lime er k Por 50] A i 
15 Big Lime Per D,L Car ° 30] A 0 Poca 
, 16 | 1,000] 1.00 | Delaware sand Per Por 7| AM 1 Lor 
17 ig Lime Per D,L Por 13 | A t foe 
18 y | 1.00 | Big Lime Per D, LS Car 60 | A 0 Permian 
19 Yates sand Per 8 Por 15) A 0 
20 Toborg sand Cre? §,D Por 20 | AL 5 
21 Big Lime Per D, LS PEG 
22 Big Lime Per D, LS BG : i S eee 
23 Big Lime Per D,L Por A y Permian 
24 Ae Per SH Por 15 | A 0 | Permian 
25 Big Lime Per D, L P,Cc 15 | A 0 Permian 
26 Yates sand Per 8 Por 6 | AL 
a ss Per §8,D,L| Por 25) A 3 Permian 
San Angelo Per 8 ‘or 10| T y Permi: 
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ith an average of about 30 wells drilling throughout 
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‘les west and 14 mile north. 
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Considerable drilling activity. extended the proven limits 


field 144 m 
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: TaBLy 2.—Summary of Drilling Operations in West Texas 


- Ward County 


(Figures in body of tabulation represent number of holes.) 
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the year, the county was by far the most active in West Te x 
proven area of sand pays in the southeastern part of the county 
extended considerably. The discovery of a 3000-ft. lime pay in A 
Shell-Sloan B No. 1, sec. 16, block 5, H. & T.C. Survey, was of interest. | 
A consistent drilling program was continued in the O’Brien pool in the — H 
northern part of the county. There are 6150 proven acres in the county, 
and the semi-proven acreage is roughly twice as much. 9 se 
Hendrick.—The field is in its period of decadence. Although more 
than half of the producing wells are flowing, approximately 97 per cent 
of the fluid produced is water. Production methods are confined to 
lifting the greatest possible volume of water in order to obtain the associ- 
ated oil. Some wells that produce nothing but water are operated 
because the oil production of adjacent wells is thereby increased. 
Scarborough-Leck.—The proven limits of the field were extended by 
the 16 producers completed during the year. 
Andrews County—Added impetus will be given to development in 
the county by the completion of a pipe line outlet in November, 1933. 
Big Lake.—Deep drilling extended the Ordovician productive area 
approximately 14 mile northwest and 14 mile southeast. ; 
All deep wells completed during the last half of 1933 were drilled in 
with pressure-rotary equipment. The gas cap penetrated is from 200 to 
400 ft. thick; the pressure within the cap is about 3000 Ib. per sq. in. 
While drilling in, the wells are produced with surface pressures on the 
returns of from 500 to 1600 lb. per sq. in. At 8500 ft., flowing pressures 
of producing wells vary between 2000 and 2900 lb. per sq. in., depending 
on the permeability of the pay zone. Shut-in reservoir pressures are 
estimated to range from 2800 to 3300 lb. per sq. in., with the higher 
pressures in the direction of newer development. The gas solution ratio 
of the heavy (44° A.P.I.) oil was between 1300 and 1700 cu. ft. per barrel. 
This was determined after the heavy oil had been positively isolated in 
the lower portion of the reservoir below the water-white gas-cap oil. 
Two wells were placed on gas-lift during the year. The gas supply 
is derived mostly from the new heavy-gravity oil wells with separators 
operating under from 1200 to 1400 lb. per sq. in. pressure. 
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Oil and Gas Production in Utah 


By E. S. Saaw,* DEnveR, Coto. 
(New York Meeting, February, 1934) 


Ura continues as a very unimportant factor in oil and gas produc- 
tion. During the year 1933 there were no developments of noteworthy 
significance. There were no completions of either producers or dry 
holes during the year. The only commercial production in Utah has 
‘been from the five fields listed in Table 1 and mentioned briefly in the 
following paragraphs. | 

Virgin Field.—Oil was first discovered in 1907 in a well drilled in 
sec. 13, T.41S., R.12W. Of the first 15 wells drilled, all but three were 
- failures. In 1920 production from four wells from 550 to 600 ft. deep 
was about 20 bbl. per day. 

San Juan Field.—The majority of drilling in this area was done during 
the years 1908 to 1911. Probably the first commercial well in the field 
was that drilled in NW.14 sec. 6, T.425S, R.19E., in 1909. 

Farnham Dome.—The discovery well was drilled: by the Utah Oil 


, Refining Co. in April, 1923. A number of years later a second well was 


drilled by The Carbon Dioxice and Chemical Co., the present operator, 
which markets the gas in the manufacture of “dry ice”? and allied prod- 
ucts. The estimated production, as indicated in Table 1, includes 
500 million cubic feet estimated to have been lost while drilling the 
discovery well. 

Cisco Dome.—The discovery well was drilled by The Utah Oil Refining 
Co. in November, 1924. The Crystal Carbon Co. markets the gas in 
the manufacture of carbon black. 

Ashley Valley Dome.—The discovery well was drilled by the Utah 
Oil Refining Co. in April, 1925. The Uintah Gas Co. markets the gas in 
Vernal, Utah, for fuel. 

Woodside Structure—In February, 1924, gas was discovered in a 
well drilled by Utah Oil Refining Co. in see. 12, T.198., R.13E., on the 
Woodside structure. This gas is reported to contain an appreciable 
amount of helium. It is being held as a helium reserve by the United 
States Government. 

Salt Valley Structure.—The test of the Utah Southern Oil Co. in 
sec. 31, T.23S., R.21E., on the Salt Valley structure has been shut down 
for some time at 6120 ft. This test has passed through more than 5000 ft. 


* Consulting Geologist. 
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1| Virgin, Lib oni Ao ae erase } 
2 San Juan, San Juan............ 2 
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Da 3LE 2.—Summary of Drilling Operations in Utah 
_ (Figures in body of tabulation represent number of holes.) 


| Completed Prior to Jan. 1, 19341 Completed Prior to Jan. 1, 19341 


Dry and/or Near- Dry and/or Near- 
dry Holes dry Holes 


< County 
County 


1 No wells completed during 1933. 


of salt without reaching the lower limit. Some of this salt is reported to 


ed . . 
contain some small amounts of potassium salts. 


Ramsay Test.—The test of the Ramsey Petroleum Co. in sec. 18, 


x T.268., R.7E., is drilling by lost tools at 270 feet. 
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Gas ANALYSES 


Following are analyses of gas from the fields as indicated: 
i Es tr eS 


Farnham, Per Cent Cisco, Per Cent ay on piney, 
Carbon dioxide.......... 98.30 2.3 0.2 
OVOWan RSS 6 6s eee ee 0.00 0.0 0.13 
1 Paka CR ee A, 0.30 93.7 99.42 
INTEPOG CIS... pctuea eat. get 1.14 0.2 0.24 
Avelninaies e bee 0.03 0.0 0.01 
- Hydrogen sulfide......... 0.23 

Ethane and higher....... 3.8 

100.00 100.0 100.00 


ee ee 
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Uintah Gas Company. 
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® Footnotes to column heads and explanation of symbols are on p. 175. om 
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@ Footnotes to column heads and explanation of symbols are on p. 175. 


Total Oil Production, Bbl. Average Oil Produe- | -potal Gas Production, Millions Cu. Ft. 
2 Aries ; Daily 
.F umber j 
j To End of . Average Per Well Daily To End of . E A 
1933 During 1933 during during Noy. 1933 1933 During 1932 | During 1933 
Nov. 1933 
; 45,700 16,700 50 50 
se 
; est 7,000 1,650 est 2,000 
6 
7 23,055,000 647,000 
8 34,000 2,500 2,250 
9 1,100 235 
10 3,900 75 80 
11 
12 | 
4 13 1,658,000 151,000 42 
14 2,200 121 est 100 
; i. 60,000 9,000 
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TaBLE 1.—(Continued) 


Total Oil Production, Bbl. Average Oil Produc- | ‘Total Gas Production, Millions Cu. Ft. 


Daily 

To End of . Average Per Well Daily To End of : . 

1933 | During 1933 sofuting,, | during Nov. 1933 1933 | During 1932 | During 1933 
ov. 1 


19 22,800 355 175 
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Oil and Gas Development in the Argentine Republic 


By Guittermo Hiteman,* Bunnos ArrEs, ARGENTINE REPUBLIC 
(New York Meeting, February, 1934) 


Ar present there are three fields in commercial exploitation in the 
Argentine. In order of production they are: (1) Comodoro Rivadavia, 
(2) Salta, (3) Plaza Huincul. 

Comodoro Rivadavia.—This field is on the coast of the Territory of 
Chubut in the southern part of the republic. It is being developed and 
exploited by Yacimientos Petrolfferos Fiscales, the government oil 
entity, and five private companies. The immediate coastal portion of 
the field, which embraces the original discovery area, is almost completely 
developed. This is especially true of the original government reserve 
and one private property. The Y.P.F. has extended its explorations 
and developments westward to Escalante, 27 km. distant on the state 
railway. This extension has been the most active and prolific section 
of the field for the past three years. The government has also continued 
its exploration drilling in the region lying south of Colonia Sarmiento 
and east of the Rfo Senguer. Private companies have not been able to 
extend their operations beyond the claims they had in process of acquisi- 
tion in 1924, when the government reserve areas were established. 

The Y.P.F. is the major producer of the field and employs modern 
methods and appliances. Practically all its drilling and pumping opera- 
tions are electrically operated, from a central power plant. In view of 
the scarcity of water supplies, this facilitates operations and is an eco- 
nomic factor of considerable importance. 


Taste 1.—Oil and Gas Production in the Republic of Argentine 
ee 


Area Proved, Acres Total Oil Production, Bbl. 
Pint - 
ears, ‘ 
i vee End of To End of | Duri Duri Average 
nd oO: ‘ 'o End o uring uring . 
F 1933 | Oil | Gas | Total | “"j933 | “1932” | 1933 | Qutine 
2 1933 
3 
j ia, Territory of 
‘ re : ene ais a ane aeaauy 26 | 20,000) 4,900) 24,900; earrthl sete is eee ee 
i Territory of Neuquén... 15 4,000) 2,400} 6,400) 9,063,4 811, 1432, i 
; em (sens Salta. 22 as 3 faites 8 4,172,570 | 1,019,464 | 1,909,241 5,110 
4 | Cacheuta, Province of Mendoza........ 2 10,152 1,586 8,566 
5 | El Sosneado, Province of Mendoza..... 8 145,932 34,258 45,770 
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* Bureau of Mines, Argentine Republic. 
355 


= aes 
356 OIL AND GAS DEVELOPMENT IN THE ARGENT! 


The characteristics of the field are ideal for using rotary I 
equipment, therefore, except in deep exploration tests, wells are com- 
pleted in a relatively short time. In addition, the experience and knowl- 
edge gained from the long period of exploitation enable operators to use — 
the smallest possible amount of casing. In a few zones, water shutoff 
is made with one string of casing in which the tubing is set. ea, 

Salta.—The Province of Salta is in the northwestern part of the _ 
Argentine, bordering Bolivia. The semitropical climate and heavy 
vegetation obtaining in this region offer difficulties for every type of _ 
operation from geological exploration to production. The rugged nature 
of the topography requires expensive road construction for the transporta- 
tion of drilling equipment and supplies. Also, the prevailing type of 
structure usually has very sharply inclined flanks causing well locations, 
drilling and production operations to be much more costly than on 
average terrain. ‘ 

The production in this zone has increased steadily since the first 
commercial exploitation began in 1926. It is largely on account of the 
87 per cent increase in 1933 production from the Salta fields that the 
total production of the republic increased over that of 1932. The Y.P.F. 
and one private company are the sole producers, although a second 
private concern began exploration drilling in the province during this 
year. The crude is of high quality and most of the residue from topping 
is utilized for the production of lubricating oils. 

Plaza Huincul.—This field is in the south central part of the republic — 
in the Territory of Neuquén which adjoins the Republic of Chile. 
The geological phases of the field are complicated while the pools are 
rather concentrated or of limited extent. Drilling operations are not 
difficult. The various strata stand up well, reducing casing strings to a 
minimum and favoring the use of cable tools. Considering the extensive 
prospective areas included in this territory and the lack of exploration 
work, especially drilling, optimism for its future still prevails. At the 
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: 
Average Oil Total Gas ucti . 
Pioduation, Bbl. Millions te Fr. Number of Oil and/or Gas Wells : 
; 
During 1933 At End of 1933 . 
. | Per | Per Well Maxi- | Com- 
3 |Acreto| Daily | To End During} During | ™um | pleted = 
E of duke of 1983] 1932 | 1933 | Daily |to End] 3 2 Tem- | Produc- | Produc- 
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a 1933 1933 | 1933 | & | E | Shut | Of | Gas | Produc. 
E | 8 | Down] Only | Only | ine 
oD <s 
1 | 4,777 15 114,416|15,881 |19,012 63 2,86 
2 | 2'266 13 7o96| 2'546 | 2'349 | “7.6| “ais | 48 " 1 el * : oe 
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close of 1933 the Yacimientos Petrolfferos Fiscales and two private 
companies were the sole operators in this field. 


Mention should be made of the two small fields in the Province of 


Mendoza. Up to the present, they have produced very little although 


there was a small increase in 1933. The oil from the southern field is 
noteworthy because of the asphalt and lubricating-oil content. Produc- 


tion from Mendoza is as yet of little commercial importance, because 


of the limited amount and the distances from commercial centers and 
rail transport. 

Geological, geophysical and exploration drilling activities in the 
Argentine probably were carried out on a larger scale during 1933 than 
at any period since 1924 or 1925. This can be attributed to the more 
comprehensive exploration program of the Y.P.F. in search of new pro- 
duction. In substantiation of this statement, it is only necessary to 
mention their drilling operations in the following points: west of Como- 
doro Rivadavia; the areas both east and west of the Plaza Huincul field; 
Territory of Rio Negro in the vicinity of Bariloche; the north and south 
central parts of the Province of Mendoza; Department of San Cristobal 
in the Province of Santa Fé; Rio Pescado and Campo Duran in the 


TaBLE 1.—(Continued) 
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Peictitally. the etitina pay eielead of itty vila is 
elaborated by the topping, cracking and refining plants now exis 
the country. Presently, their capacity will be sufficient to suppl 
the petroleum products required by the domestic market since the 
tional crude requirements are supplied by importation. At present, 


TaBLE 2.—Summary of Drilling Operations in Republic of Argentine 
(Figures in body of tabulation represent number of holes.) ~ 


Completed Prior to Jan. 1, 1934 Completed during 1933 
3 Drilling 
Dry and/or Near-dry Holes bas Hees oie = inceaiete 
pe ee 5} "Productive ja LI = cee = 
Total Depths i Total Walls 
County ae cer Depths, Ft. 
(For = 
Total | Detai Total a 3 
° =) etails, See |o = = 

3|8/8 S| = Table 1) |S|S|S\S/5|5 2 \£ g 

> AN} oO ad | |r No 19 |\oO | & 

ab a zn Br Ae ae 

re elses selsses sg |2| 3 

Bla ce [os ths | riled les |e has fe & E| a 

Territory of Chubut......... 277/11 1] 1] 290 2868 53) 5 1} 59 225 40 7 
Territory of Neuquén........ 6} 5/90} 2) 3 106 418 5} 1 6 48 10 4 
Territory of Rfo Negro....... 3 3 2 
Province of Jujuy........... 5] 2 1 
Province of Salta............ 2) 18] 7 2 29 2) 2) 2 6 13 5 
Province of Santa Fe........ 1 
Province of Mendoza........ oid T 5 10 1 iL 3 3 
WT otalratesuteiea(ca sath ciacras 441 3296 66 282 63 23 


importation of crude oil, fuel oil, gasoline, lubricating oils and asphalt 
is slowly declining from year to year, owing both to the increase of local 
production and to the increased local manufacture of refined products. 
A more recent factor affecting importations is the decline in consumption. 

The topping, cracking and refining plants are at strategic points in 
the republic as follows: Bahia Blanca, Buenos Aires, Campana, Comodoro 
Rivadavia, Plaza Huincul and Manuel Elord{f and Vespucio in the Prov- 
ince of Salta. 

In 1932 the Senate passed a proposed petroleum law but the bill 
failed to reach the House of Deputies in either the regular or the called 
session of Congress. Just prior to the close of the regular sessions of 
Congress in 1933, the proposed bill as revised by the House Committees 
was approved by the House of Deputies as to form but failed of final 
passage. It is presumed that the bill will come up for consideration 
in the regular sessions of Congress during the present year. The project 


proposes to provide concessions both for Yacimientos Petrolfferos Fiscales 
and private capital. 
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Petroleum Production and Development in Avesereat Hungary _ 
and Czechoslovakia in 1933 


By Watrer M. SMauu,* Vrenna, AUSTRIA 
(New York Meeting, February, 1934) 


AUSTRIA 


From the one producing well in Austria, 7000 bbl. of heavy oil was 
produced and sold in 1933. This well, owned by the Raky-Danubia, was 
completed late in 1932 in the formation called Flysch (Upper Cretaceous 
or lower Eocene) near Zistersdorf north of Vienna. ‘Two wildcats drilling 
in the vicinity have not yet reached the producing beds. 

Near Vienna, the European Gas and Electric Co. drilled five shallow 
wells for gas, three of which were failures. One gas well was completed 
for 8 million cu. ft. capacity at 260 meters depth and with a pressure of 
570 lb. Another is being tested following blowouts. One gas well and 
one dry hole were completed in the pool in 1932. 

In Upper Austria, the same company abandoned one wildcat at 
679 m. and is drilling at 280 m. on a second. 

No gas was sold during the year, but a line is being completed to 
supply fuel to boilers of the Vienna Electric Works. 


HuNGARY 


No deep drilling was done in 1933. Oil and gas concession was 
granted by Parliament to the European Gas and Electric Co. on Trans- 
danubia. Active geological and geophysical investigation is in progress. 


CZECHOSLOVAKIA 


In the Gbely and Hodonin shallow fields, some 26 wells were drilled 
of which three were reported as failures. The total production of the 
fields was 111,736 bbl. of oil and 40 million cu. ft. of gas used as fuel in 
the field. 

At Vacenovice, where there were already two small gas wells, a third 
producer was completed at 420m. This pool markets a small amount 
of gas, which is compressed and used to light railway carriages. 

Wildcat wells were reported drilling at about 300 m. depth at both 
Jasina and Telnice. One 700-m. wildcat near the Hodonin field was 
abandoned. Another failure was reported completed and abandoned 
at 820 m. near Holic. 


* Kuropean Gas & Electric Co. 
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rom 140 to 540m. The production for the year is shown on 
ached table. Total drilling to date has been 124,000 m. About 
0 per cent of the wells have been failures. The stallag cs producer is 
17 m., and the deepest is 542 m. The shallow Sarmat (Uppermost 


= Btiieceaa) oil in these fields has a gravity of 18° A.P.I., while the Torton 
_ (Miocene just below the Sarmat) oil has a gravity of "93° A.P.I. Some 


_ deeper Torton oil has a gravity of 40° A.P.I. The wells are drilled with 
the Fauck-Schenk system or the Trauzlwerke machines, a water-flush 


method with pore stroke, the returns coming out through the 
— drill rods. 


Production in Gbely and Hodonin Oil Fields 


: Year Gbely, Bbl. Hodonin, Bbl. 

1914 11,003 
1915 31,523 
1916 32,738 

- 1917 59,873 
1918 64,733 
1919 : 47,250 
1920 69,930 68 
1921 — 98,623 945 
1922 119,813 3,780 
1923 72,090 878 
1924 48,668 26,595 
1925 49,545 107,933 
1926 - 56,700 92,475 
1927 35,775 75,465 
1928 42,863 ; 51,165 
1929 59,265 34,088 
1930 84,173 69,925 
1931 37,665 54,945 
1932 77,625 46,980 
1933 74,250 45,360 


‘Gbely and Hodonin 426 wells have been drilled, rang- 


a a, 


Petroleum Development at Bahrein Island (Arabia) 


By G. C. Gester,* San Francisco, CAuir. 


(New York Meeting, February, 1934) 


Ox has been produced in Persia and India for many years, but it was 
not until 1932 that Arabia entered the arena as a potential oil-producing 
area. In 1930 the Standard Oil Co. of California acquired a concession 
covering the rights of exploration and exploitation for oil in the Bahrein 
Islands and in June, 1932, the first commercial production was dis- 
covered by the bringing in of a well known as Jebel Dukhan No. 1 on the 
Island of Bahrein. Since then the Standard Oil Co. of California through 
its wholly owned subsidiary, The Bahrein Petroleum Co. Ltd., has been 
carrying on a systematic survey and development program of its con- 
cession in the Bahrein Islands. 

This group of islands, of which Bahrein is the largest, is in the south- 
western portion of the Persian Gulf, approximately 25 miles from the 
mainland of Arabia. Although geographically a part of Arabia, the 
islands are not a part of the Kingdom of Saudi Arabia. Their govern- 
ment is essentially independent but certain special rights have been 
granted to Great Britain through a series of treaties. 

The Island of Bahrein is 32 miles long by 914 miles wide and covers an 
area of 215 square miles. Approximately three-fourths of the island is 
occupied by a relatively low, broad, elliptically shaped dissected hill, the 
central part of which is slightly depressed with inward-facing cliffs but 
culminating in the Jebel Dukhan (Hill of Smoke), which rises to an eleva- 
tion of 443 ft. above sea level. The topography of the island is a good 
index of its geologic structure. 

Structurally the island is an elongated dome or quaquaversal fold 
composed of rocks of Eocene age. The major axis of the fold strikes 
N.5W. All of the topographic high portion of the island is a part of the 
structural uplift. The crest of the fold is broad and flat with the dips 
increasing on the flanks. How far tilted strata may continue beyond the 
line where the Eocene beds are covered by recent sands and detrital 
material is not known. Superimposed on the general structure are a few 
small irregularities in the form of minor folding and faulting. There is,. 
however, no evidence of any major faults. The largest of the irregular- 
ities lies to the south of Jebel Dukhan and has the appearance of a sink 


* Standard Oil Co. of California. 
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, ept en ie ta sands and recent alluvium, the rock fcumenieen 
the island consists of a series of limestones, sands and marls, which 


~ have. an exposed thickness of about 300 ft. Some of the beds are fossil- 


.\ 


_ iferous, carrying a well preserved fauna, which is correlative in age with 
the Eocene of Persia. In general, the colors of the exposed rocks are 


drab, varying from dull white to gray through buff and yellow. They 


are for the most part well stratified and it was found that several different 
horizons could be used as marker beds for structural mapping. Near the 


central part of the island and about three miles southerly from the Jebel 
Dukhan, there is a relatively small deposit of bitumen. This occurs as a 


dry impregnated sand and limy material in beds representative of nearly 


the lowest exposed-on the island. 

The first well, Jebel Dukhan No. 1, was located near the center of the 
island at the southeasterly base of the little group of peaks that forms the 
Jebel Dukhan. Drilling was commenced on this well in October, 1931, 
and it was completed as a flowing well in June, 1932. The following is 
quoted from an article by G. C. Gester:! 


The formations encountered in drilling this well (Jebel Dukhan No. 1) were for the 
most part porous limestones with minor amounts of marl and calcareous sand. Ata 
depth of about 1,400 feet the formation become somewhat shaly and at 1538 feet cas- 


ing was landed in blue calcareous shale. From that depth to the bottom of the hole, 


at 2008 feet, there were more thinner bedded marly shales and impure porous lime- 
stones than in the upper part of the hole. Heavy oil and tar were encountered in the 
well just below 600 feet becoming lighter and more gassy with depth. The bottom 
eight or ten feet of the hole was so rich in oil and gas that there was danger of blowing 
out. The well was accordingly tested at that point and brought in as a flowing well, 
estimated as being capable of producing from 800 to 1400 bbls. daily with a shut-in 
pressure of 445 pounds. Gravity of the oil is 33.8° A.P.I. 

Well No. 2 is located slightly over two miles due north of No. 1 and at the same 
depth as No. 1 came in with a production of 1550 bbls. daily, 34° gravity oil. Well No. 
3 was then located down the flank a distance of about 8000 feet northeasterly from 
No. 2. This was drilled to a depth of 2320 feet but water was encountered near the 
bottom of the hole. After plugging off the water this well was brought in at an 
estimated production of between 700 and 800 barrels daily with a shut-in pressure of 
450 pounds. 


Well No. 4 is on the west flank of the structure, approximately three 
miles southwesterly from well No. 1. At a depth of 2440 ft. this well 
penetrated porous limestone with strong showings of oil and gas. Casing 
was recently cemented at a depth of 2431 ft. but to date it has not 
been tested. 

A derrick was erected at location No. 5 in the northern portion of the 
island but no drilling has been done on this well. Wells 6, 7 and 8, all 
on the higher parts of the structure, have recently started drilling. 


10il & Gas Jnl. (Dec. 28, 1933). 


This gives a well spacing of 19.88 acres per well. The well numb 


Pichon runs pertains the Zentwk neat ‘of the - E 
parallelograms with 9000-ft. sides formed by nort 1-SOu 
cut by cross lines having bearings of N.60E. Twenty s 
block. The blocks are lettered and the sections numbered. 4 
ing starts from the northwest corner. Each section contains 
locations on points of equilateral triangles, the sides of which are 10 


heed 


system is unique in that each well number gives its location wit! 
section. ‘The well numbers commence with No. 11, which is the north a 
westernmost location in each section; the third fpanaoe south on that 
line is 13; a location 3 easterly and 3 suited is 33; 7 hoagie and 5 southerly _ 
will be 75. ah 

A permanent camp with the necessary machine shops, etc., is belay “a 
built and water-supply system has been installed; and preparations are © 
being made to construct a pipe line to the Island of Sitra, which is only a 
short distance from Bahrein Island on the eastern side, a few miles north 
of an east-west line through the central part of the island. 


—— 


Oil and Gas Developments in Canada during 1933* 


By G. 8. Hums, Orrawa, Canapa 
(New York Meeting, February, 1934) 


THREE provinces in Canada—New Brunswick, Ontario and Alberta— 
produce oil and gas in commercial quantities. In addition a small 
amount of oil is being produced and refined in the Northwest Territories 
at Norman on the Mackenzie River. The production at Norman is 
derived from two wells drilled by Northwest (Imperial Oil) Co. in 1920 
and 1923. The refined products of the oil are used locally in connection 
with mineral developments on Great Bear Lake. The production of 


- petroleum by provinces and the consumption of natural gas are shown 


in Table 3. In addition a small amount of natural gas is produced in the 


‘southwestern part of Manitoba from shallow wells for local use. Tables 


1 and 2 give detailed information. 


TasBLe 3.—Production of Petroleum and Consumption of Natural Gas in 
Canada 


Production of Petroleum, Bbl. 


Alberta Ontario New Brunswick N.W.T. 
1931 1,413,631 122,365 6,577 
1932 906,751 130,343 6,408 910 
1933 1,012,237 136,059 10,121 


Consumption of Natural Gas, M. Cu. Ft. 


1931 17,798,698 7,419,534 655,891 
1932 15,985,744 7,244,624 645,010 
1933 16,860,000 7,163,895 618,000 


eeu IEEEEEEEEEES EES 


The greatest drilling activity in 1933 in Canada centered around the 
southern end of the Turner Valley field, Alberta. In addition to several 
wells previously commenced in this area, eleven new wells were begun. 
There were three completions to the Paleozoic producing zone in 1933 in 
the southern part of Turner Valley and one well was abandoned as a 
result of being off the favorable structure. Of two wells completed in 


* Published with permission of the Director, Geological Survey of Canada, Depart- 
ment of Mines, Ottawa. 
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the more northerly part of Turner Valley one reached production 
Paleozoic limestone and the other obtained crude oil in the Lower 
Cretaceous, McDougal-Segur sand. A great stimulus to drilling in hoe Bf 
southern end of Turner Valley was provided by the completion of @ 
Freehold No. 4 well in March, which reached the Paleozoic limestone at a | 
depth of 5402 ft. and was completed at a depth of 5854 ft. A measure- 
ment of the well made on March 6 showed 14,750 M. cu. ft. of gas and 
the well produced 445 bbl. of naphtha in 24 hr. Miracle No. 2A well, 
completed in September on the west flank of Turner Valley, gave some 
new information in regard to expected production. The well reached 
the Paleozoic limestone at 5940 ft. and was completed at a depth of 
6723 ft. producing 6000 M. cu. ft. of gas and about 100 bbl. per day of 
55° Bé. oil. From the previous drilling of two wells on the west flank 
of Turner Valley, with a production of crude oil instead of naphtha, as in 
most Turner Valley wells, it was inferred that there was an oil zone on the 
west flank underlying the gas-naphtha zone and in the same horizon. 
This seems to be confirmed by the production of oil from Miracle No. 2A 
well. If, as is believed by the writer, the migration of gas and oil in 
Turner Valley may be somewhat restricted in movement by strike faults, 
perhaps dividing the producing zone into several more or less separate 
areas, the accumulation of gas in the interior part of the field with the oil 
on the flank must have been largely completed prior to the faulting 
because very little oil other than naphtha has been obtained even in very 
low structural areas in the interior of the field. 

Another well of great importance completed in the southern end of 
Turner Valley late in 1933 was that of Sterling Royalties, which reached 
the Paleozoic limestone at a depth of 4977 ft. and was completed at a 
depth of 5657 ft. with a gas flow of 30,000 M. cu. ft. at 980 Ib. back- 
pressure and a naphtha recovery of 320 bbl. per day. The tendency in 
drilling in Turner Valley during 1933 has been toward a southward 
extension of the field. One well was located too far east and was aban- 
doned at 4300 ft. On the east flank the productive Paleozoic limestone 
is sharply delimited above a great overthrust fault, which underlies the 
whole of Turner Valley. . 

Outside of Turner Valley there has been relatively little activity | 
in the foothills. Hunter Valley Oil Co. is drilling a well 60 miles north of 
Calgary and 60 miles west on Red Deer River. The surface structure is a 
beautifully defined anticline which, if persistent to depth, appears favor- 
able for oil and gas accumulations. About 314 miles east of the well 
location is the outcrop of a low-angle fault which in places has a westward 
dip to the fault plane of less than 10°. The stratigraphic displacement 
by the fault is 4500 to 5000 ft., which means a tremendous total displace- 
ment along the fault if the fault continues westward from the outcrop 
at so low an angle. The total displacement could, however, be readily 
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explained if the plane of the fault west of the outcrop becomes steep. 
The trace of this fault on the foothills topography east of the well is very 
sinuous, as would be expected for a fault with such a low-dipping fault 
plane, but northward the fault takes on a straight course regardless of . 
topography, indicating that the low-angled fault has passed into one of 
steep dip to the fault plane. It is believed that in this more northerly 
area erosion has removed the low-angled part of the fault, which thus 
passes downwards into a steeper, deeper part, which now outcrops on the 
surface as a fairly straight line. This deeper erosion to the north is 
apparently confirmed by the outcrop of two separate Paleozoic limestone 
areas in the foothills east of the strike and 15 to 20 miles north of the 
Hunter Valley location. If these conditions are so it is probable, there- 
fore, that the plane of the low-angle fault east of the Hunter Valley well 
becomes steep east of the well location and hence the surface anticline on 
which the well is being drilled probably continues to depth with favorable 
prospects for oil and gas. If, however, the fault should remain low-angled 
as far west as the well location, it might cut off the Paleozoic limestone 
in which production prospects are considered most favorable. Problems 
of structure connected with low-angle faults in the foothills of Alberta are 
exceedingly difficult of correct interpretation at depth even when fairly 
complete surface data are available and drilling has shown that many 
areas that appear favorable on the surface are but parts of overthrust 
masses that continue to no great depth. The Hunter Valley area, there- 
fore, is of great importance in relation to the future developments of the 
foothills because of the fact that the very prevalent low-angle over- 
thrusts of the southern foothills appear to give place northwards to less 
numerous faults of this kind and more open folds. At the present time 
the well has reached a depth of about 2000 ft. and is drilling in Blairmore 
strata of Lower Cretaceous age. 

Several wells have been drilled on the Plains of Alberta during 1933. 
In Athadome No. 2 well, drilled west of the town of Athabaska on 
Athabaska River, an oil horizon was encountered in the Grand Rapids 
sandstone of Lower Cretaceous age. The well is said to have had a 
potential yield of 20 bbl. a day. Deeper drilling through the remaining 
Lower Cretaceous into the underlying Paleozoic limestone produced no 
further positive results. 

In southern Alberta Nordon Oil Corporation, as the result of a seismo- 
graph survey, drilled a second well on the Twin River structure. The 
results, however, were not as favorable as had been anticipated although 
some gas and oil were encountered just below the Paleozoic limestone, 
which was encountered at a depth of 3900 ft. In the Red Coulee field 
the completion of Devonshire well gave only a small gas and oil show 
and the well was abandoned. Farther east and north the Commonwealth 
Milk River well was abandoned at a depth of 5301 ft. after having passed 
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into strata definitely identified as Ganibrenedt rent 
Ordovician or Silurian are present and presuma ly Devo 1 
on Cambrian beds. 

In Saskatchewan a test well is-being drilled for gas in the Dirt E 
area south of Moose Jaw. This area was reported on favorably b D ¥ 
seismograph survey. The well was shut down for the winter before 
conclusive results were reached, although some gas shows of small — 
proportions were encountered. A well drilled on the Lone Rock structure 
in Saskatchewan a few miles east of the Ribstone structure of Alberta is — 
said to have penetrated a gas sand, but no definite information is avail- 
able. A well is being drilled for gas north of Lloydminster, Saskatchewan, 
but has not yet reached the prospective productive horizons. 

An interesting test is being drilled in the Sage Creek area of Flathead 
Valley in southeastern British Columbia. Here copious seepages of oil 
issue from pre-Cambrian rocks, which are known to be overthrust on to 
Mesozoic and Paleozoic strata. The area of seepages is on a well defined 
dome in the pre-Cambrian strata and there are reasons to believe the 
doming is later than the overthrusting, which implies that the doming 
condition occurs beneath the overthrust fault in the Mesozoic and 
Paleozoic beds as well as above it. Thus the oil and gas which are 
escaping through fractures in the pre-Cambrian rocks are inferred to 
arise from below a great overthrust fault in a favorable structure in 
strata known to have oil and gas prospects. The depth to the over- 
thrust is not known but probably is not less than 4500 ft. and may be 
considerably greater. 

In Ontario some exploratory drilling has been done between the proved 
oil and gas fields of the southwestern peninsula of Ontario, and a certain 
amount of drilling has been done in the proved gas areas to maintain 
production. This latter drilling has been mostly in Haldimand, Lamb- 
ton, Kent and Norfolk counties with smaller amounts in some other 
localities. In some of the older oil-producing fields wells have been 
reconditioned and chemically treated to increase the flow. The produc- 
tion of oil, although relatively small, is slightly more than in 1932, and it 
is remarkable that the largest production still comes from fields that were 
the first. to be discovered and have been in continuous production for 
more than 70 years. 

During 1933 the Canadian Seaboard Oil and Gas Co. abandoned its 
No. 1 well drilled at St. Gerard, Yamaska Co., Quebec, on the south side 
of St. Lawrence River. The well showed a remarkable thickness of 
lower Paleozoic strata beginning in Queenston (Ordovician) red shales and 
encountering a sandstone at what is considered to be the base of the 
Trenton at 5980 ft. Below this were strata presumably of Chazy age 
and the well was abandoned at 6160 ft. still in Paleozoic beds. A 
second test by the Seaboard and Alberta Gas and Fuel companies at 
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but the flow was not sustained. 


Roe Redent of Lands and Mines, Alberta; Col. R. B. Harkness, Com- 


ae of Natural Gas, Ontario; and Dr. J. A. L. Henderson, New 
_ Brunswick Gas and Oil Company, N. B. 
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Petroleum Development in Colombia during, 1933 hd 7 


By O. C. WuEeE.er,* Toronto, Ont. Te r Sat 
(New York Meeting, February, 1934) i i f ug 


j 

| Tux production of oil in Colombia during 1933 was at the lowest: leve e. 

: since the completion of the loop of the Andian pipe line in 1927. The — 
commercial production amounted to 13,157,641 bbl., all of which was . 

produced from the Infantas and La Cira seetipoaired of the Tropical 2 be 
Oil Company. 


One of the most important developments was the discovery of what 
may be commercial production on the Colombian Petroleum (Gulf) 
Company’s Tarra anticline on the Barco Concession in eastern Colombia 
near the Venezuelan border. This promises to become the second com- 
mercially productive area developed in Colombia and, perhaps, one of 
major importance. 

Applications made in 1931 for concessions under the new Colombian 
petroleum law were ratified covering the Putana application of the | 
Tropical Oil Co. and others of local Colombian and French interests west 
of the Carare River. On none of these concessions has any development 
work yet been initiated. 


SoutH AMERICAN GULF O1L CoMPANY 


The following information covering the activities of the South Ameri- 
can Gulf Oil Co. was furnished by E. S. Bleecker, chief geologist of 
the company. 

Magdalena Valley.—No development work was undertaken during 
the year either on the Valenzuela property acquired from the Colombian 
Syndicate or on the lands obtained from the Leonard Oil Development Co. 
near the Sogamoso River. The Valenzuela property was relinquished and 
a portion of the material was removed therefrom to the Leonard property 
near by. 

Colombian Petroleum Co.—The Colombian Petroleum Co., controlled 
by the Gulf interests, pursued an active development campaign on the 
Chaux-Folsom or so-called Barco Concession in the Department of North 
Santander. The drilling of the first well was begun early in the year on 
the north Petrolea dome of the Tarra anticline and at 490 ft. a heavy flow 
of oil, gas and salt water was encountered. On blowing in unexpectedly, 
the well caught fire, and after being extinguished was controlled only by 
pumping large quantities of cement into the formation and plugging the 
well. The drilling of the second test, No. 1-A, approximately one kilo- 


* Geologist, International Petroleum Co. Ltd. 
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meter south of the first well, is now under way and at the end of the year 
_ had reached a depth of 1542 ft. It is the intention to make this a test 
_ of the deeper formations; hence the upper zones productive in No. 1 were 
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not produced. Locations for test wells 2, 3 and 4 have been made and the 
railroad extension completed to location No. 2. 

In the northern part of the concession, a camp has been established on 
Rio Catatumbo, 31 km. upstream from the mouth of Rio de Oro, from 
which point a road will be constructed about 4 km. west to a selected 
drilling site on Rio de Oro anticline. This location is called Oro No. 2, 
being about 11 km. south from the old Oro No. 1 well drilled by Henry L. 
Doherty & Co. on the south bank of Rio de Oro, opposite the operations 
of the Colon Development Co. on the same structure where it extends into 


TABLE 1.—Oul and Gas Production in Colombia 


| 
rn Proved: Total Oil Production, Bbl. 
oD 
g 8 
Field and Department le 3 2”. 
2 8 3 a o Pas 
Z z é s g aloe 
g 52 4 z ee Ea i) 
A HS a) a =I a EE ae| 
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2 Footnotes to column headings and explanation of symbols are on page 175. 
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Average Oil Total Gas Production, Number of Oil and/or Gas Wells 
Production, Bbl. Millions Cu. Ft. 
During 1933 At End of 1933 
e > 
8 >) pey ive] Ke 
See ee 8 a4 il ol ie: a | 2 
68 ts SS AS | + b o (<) 5 
Bis 22/43/35) 2/28 /22ls_|2/2/2 | # | ele | 2 
Bo || S's wiley te | 2 2 fe a6 8 Hel Set Pa 
Slaelaz/es| a | 2) 2 | eE|e2/ 2) 2 | gE) 2 | e3)22| 2 
Al Ssif4lSe)/ 2] A] A |sP(8t] 3] a [ae] & | éoléo] & 
0 0 0 0 2 0 0 2 0 0 0 0 
; P 0 Se 0 2 z 1 a 1 0 0 0 0 0 
3 = z 0 -£ 0 0 0 1 0 0 1 0 0 0 0 
4 z z y = z z z Pe ; : y y 3 4 y 
1) 9,166! 
5 | 15,835 y 99 az | 11,809 6 E We ja d : ake 
173 7,3811| 6,356! x 215 14 1 
; ey : akas 0 0| 0 rf Pye t ear 1 ip (een at] 0 0 
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1 Estimate or approximate. 
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TRopIcAL On | Me 
The development on the Tropical’s s pri 
producing fields at Infantas and La Cira. There was | no ir 


of new production ; ; hence the drilling during the year 


since the company has been pelt 9 drilling was idee 7 vi 
Colombian workmen and they acquitted themselves most creditably. — 
_ The decreased rate of production and the reduced development 


program permitted an increased efficiency in all lines of work. adi to 

d ‘ 

Y Comments on TABLES cr 
a For the sake of completeness, all fields that have produced oil in 


Colombia are listed in Table 1 although in only the Infantas and La Cire oa 
fields has commercial development taken place. ~ 
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TaBLe 1.—(Continued) 


Average Depth, Ft. Oil Production Methods Pressure, Character of Ol 
at End of 1933 Lb. per Sq. In.e | Approx. Average during 1933 _ 
Number of Wells — at i ee * es ie: 
3 mt nd of . PI. at 60°F. i 
s| €2 | 28 S, a 
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erdic S field is near the coast close to Barranquilla. 

; has been carried on by the Jenks Syndicate of London, operating 
under the name of the Colombian Oilfields, Ltd. There is no record of 

_ the amount of oil that has been produced from the two oil wells completed 

in the field, but it is known to be very small. The wells have never been 


commercial producers. 


Tarra Field.—The possibilities of this field becoming an important oil 
producer were demonstrated by the Gulf’s Petrolea No. 1, which blew out 
_ during the year. This was the first well drilled in Colombia on the Tarra 
anticline, which is a long uplift extending across the Venezuelan 
border. 


TaBLe 2.—Summary of Drilling Operations in Colombia 
(Figures in body of tabulation represent number of holes.) 


Ce es eee a 


Completed Prior to Jan. 1, 1934 Completed during 1933] 
Drilling or 
Dry and/or Near-dry Holes , Dry and/or Near-dry Holes | Produc- eee 
“4 Walls ~ 1933 
Department Total Depths, Ft. Productive | Total Depths, Ft. 
Wells 
ae =a ah aig 
S Total | peas 3 Tot | Aa | 2 ||, 
sisisisisisis ‘So = | 8 
=|S/$is/Ssis\s 3000-4000 tae oe 
aigigig| 2} |g ss | ele 
A DiS s s alm | sd En i= a 
Atlantico| and_ Bolivar 
(Exclusive of Sinu River 
Se fine 6] 6) 2} 8) 4 26 2 0 0 0 0 
_- Bolivar (Sinu River Area 
MOTD) | cray caivya + oer a'0 «wo 5 6 0 0 0 0 0 
Santander del Norte...... 1 2) 1 4 2 0 1 1 0 
Santander: : p 
Lebrija River Dist.)...| 1] 2} 4} 1 1 9 0 0 0 0 0 
Sogamoso River Dist.) ara 2 5 4 0 0 0 0 
(Tropical Oil Co.)........ Zt Bi Slide 8: 1°] 22 668 1 1 14. 4 0 
Cundinamarca........... 1) 3 4 0 (Oe 0 0 0 
SROLIBS ictoyc an nmntewen es: 1 1 0 0 0 0 0 
PGA sas sanitsanun eet > 10 10/20/22} 9 | 5 | 1 77 676 1 1 15 5 0 
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Rio de Oro Field.—The single well that has been completed in Colom- 
bia on this structure was drilled in 1920 by the Henry L. Doherty interests 
and was reported to have produced approximately 1000 bbl. initially. 
Until recently, development was delayed owing to the uncertain status 
of the Barco Concession, but it is probable that the Gulf will be successful 
in further extending the field. 

Las Monas.—No work has been done in this field for several years and 
the small production that has been developed has never warranted 
marketing. Operations in this field have been under the direction of the 
Leonard Oil Development Co. and, subsequently, of the Gulf Leonard 


. Development Company. 


Oil and Gas Production in Dutch East Indies and Shtawval 


Tue information in Tables 1 and 2, on the operations in the Dutch 
East Indies and North Borneo, has been kindly furnished to the Institute 
through the courtesy of Mr. J. August Kessler by Mr. B. H. van der 
Linden. It affords a very good picture of the situation in that region for 


the year 1933. 


TaBiE 1.—Oil and Gas Production in Dutch East Indies and Sarawak 
By B. P. M., Tat Haacusz, Hotuanp 


i » Total Gas 
Total Oil Production, Bbl. Average Oil} _ Production, 
Age, Production | Millions Cu. Ft. 
a Years per Well 
Administration . to A i 
End of Hees during 
1933 | To End of | During During palate Noy., | During] During 
1933 1932 1933 NES & | 1933, Bbl. | 1932 1933 
1933 
IN ORGRUBOTHOD Soros asic ntettsis c/o’ ss 24 58,214,825] 3,683,637| 4,277,000) 10,650 24 2,013 | 2,375 
Hane teamed. ak took Vaart 38 292,302,205| 14,487,316] 14,252,000) 36,559 57 3,658 | 4,099 
SOE oe ee os «ets 5: ates Se 37 4,141,519 285,330 262,000 632 23 36 36 
PSV ctis cae ae ticns oe UN Sabee 46 66,767,423) 3,731,810} 3,492,000 9,624 21 1,579 | 1,389 
South Sumatra... ......ce20s... 37 107,245,102} 7,586,912) 7,646,000} 21,511 71 3,034 | 2,823 
A OLbh. SUA A siccleicereicdiciee ares 49 91,454,840) 4,479,929] 6,079,000) 17,274 247 1,850) 1,721 
PROCGICEE cgameeh porta eicieineie 4 620,125,914] 34,204,934) 36,008,000} 96,250 50 12,170 | 12,443 
Oil Production Methods 
Number of Oil and/or Gas Wells Average Depth, Ft. at End of 1933 
a ; During 1933 At End of 1933 Number of Wells 
Administration pe To Top of 
Com- Produc- | Produe-| ota Produc- tie : 
pleted | Com- | Aban- | in MAE Oe | Bette: tive Zone | Flow-| Pump- | Gas- | Air- 
to End of | pleted | doned Oi Gas ii Wells ing ing lift | lift 
1933 Only | Only e 
North Borneo.} 502 16 443 1 444 |340-5,280 /130-5,242] 11 415 18 
East Borneo. .|1,218 + y 12 641 1 642 |230-2,620 |210-2,600| 12 605 25 
Ceram........ 73 28 28 |260-1,020 |240-1,000 28 
(EC pee 1,348 + y 2 452 452 |160-2,950 |130-2,880| 10 439 3 
South Sumatra]1,559 + y 3 3 304 304 |290-5,400 |}160-5,200} 63 72 169 
North Sumatra} 706+ y 13 2 70 70 |300-4,140 |260-4,100| 32 21 17 
Total.......|5,406 + y 46 5 1,938 2 1,940 128 1,580 232 
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TaBLE 1.—(Continued) 


* Deepest Zone Tested 
Producing Rock . 
Nar ber fh to End of 1933 
sar A “| Struc- ve 
Administration Poros- ture/ ieee Depth 
Name Age Character me End of 1933] Name Bute, 
Cent Ft. 
North Borneo. ..| Seria- and Miri Form- | Mio SsH 18 AF 80 oaip deep | 6,180 
ations shale 
East Borneo....| Balik Papan-Poeloe | Pli + Mio SsH, S 10-30 | Af 196-+y | Poeloe Balang| 5,250 
Hered Tarakan 
orm. 
Ceramvacnit. on; Boela form.+Triassic | Pli + Tri SsH y Af 40 Triassic 2,400 
JavaBean acres eie Mergelklei-, Globiger-| Pli +- Mio 8, SH, LS} 15-35 | Af 306+ y | Basis mergel | 5,900 
inae- Orbitoid zones 
South Sumatra..| Palembang and Tel-| Pli+- Mio+ |S, SH, SS} 13-28 | Af 339 -+y | Under Telisa | 7,550 
issa zones Paleogene 
North Sumatra.| Seuroela-, Keuta-| Pli + Mio §, SH, SS y Af 242 +y Grensklei 6,680 
pang-, Grensklei- 
zones 


i Explanation of symbols is on page 175. 


TaBLE 2.—Summary of Drilling Operations in the Dutch East Indies and 
Sarawak* 
By B. P. M., Tat Hacusr, HoLuanp 


Completed Prior to Jan. 1, 1934 ee during 


Dry and/or Drilling or 
Dry and/or Near-dry Holes Near-dry ion 
Holes Pro- 1933 
Produc- a duc- 
ae : tive ‘0 tive 
Administration Total Depths, Ft. Wells Depths, Ft. | Wells 
oe pag ee ar 
etal tails 
> > > S a S Total T 7 1H\el¢e <a 3 g 
S24 Slieiawee ae 21S |81S) 
o a oO 1D |S | |\co aln 1D 3 Ss 
= | 2l2/2 gees giglge| |2| 8 
4 = a oO S [3 |S|R alas = = Be 
North Borneo..| 30 24 16 7 3 80 502 16 1 1 
East Borneo...) 92+ y| 7+ y|25+y/4+y| 2) 2 196 + y| 1218 + y 12 5 1 
Ceram......55. +. 34 4 2 40 73 
TV sate <atia 217+ y| 74+y/10+y/3+y] 1) 1 306 + y| 1348 + y 2 1 
South Sumatra.| 199 + y| 106 + y} 21 +y|8+y| 2} 1) 1) 1/399+ y] 1559+ y) 1 2 3 1 . 
North Sumatra | 153 + y] 49+ y|/33+y/2+y] 2) 2] 1 242+ y| 706+y 2 13 1 


Oil and Gas Development in France and Northern Africa 


By H. pr Cizancourt, Paris, FRANCE 


(New York Meeting, February, 1934) 


FRANCE 


Pechelbronn.—So far Pechelbronn is the only producing district. 
Figures are given in Table 2 covering the main features of the field, but 
these figures call for the following remarks: First, Pechelbronn should 
not be considered as a single unit, it appears, but as a succession of small 
oil fields, each of which is affected by very variable conditions. Conse- 
quently, certain figures concerning production per acre, production per 
acre-foot, pressure conditions and thicknesses of oil sands would be so 
misleading that they have been omitted here. Second, as regards pro- 
duction methods, attention is drawn especially to the fact that 42 per cent 
of the oil is extracted by the use of shafts and galleries and the remainder 


- by pumping wells. 


Exploitation, formerly confined to Oligocene sands, has been extended 
recently to Jurassic and Triassic oil-bearing formations. 

Gabian.—This small oil field, discovered in 1924, is almost exhausted. 
Exploitation to date is restricted to three wells. There were no drilling 
activities in 1933. 

Exploration.—During 1933, two exploration holes have been started 
in France. The first, in the vicinity of Layelanet (Ariége) on the Dreuille 
anticline, has reached the depth of 2400 ft.; the second, in the Autun 
Permian Basin, is drilling at 1300 feet. 


NorTHERN AFRICA 


Morocco.— Drilling operations have been on a large scale in Morocco. 
In the Gharb district (Souk el Arba area), the deepest well was abandoned 
in 1933 at 7014 ft. Small irregular productive horizons were encountered 
in the Miocene at shallow depth, oil and gas showing in the Eocene, but 
no commercial oil field has been discovered. In the Djebel Tselfat, near 
Petitjean, a small production of oil was obtained from a Jurassic horizon. 
In the meantime deeper formations are being explored and a new structure 
in the vicinity is being tested. In Eastern Morocco, a well is drilling 
near Taza. Production in Morocco, about 2400 bbl., has not been listed 


on Table 2, owing to its origin—exploration wells. 
383 


12,400,000) 525,3 
148 


1933} 3,924 
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Average Oil i Oil Production Methods 
heise Bytes ic be as at End of 1933 
During | At End of Number of 
1933 1933 Wells 
| 2 é 
lz le 1,218 $,/3 
si@ lsslgel s rs £ as | £ 3. 
Ss gS ISSIA,2] a eta 3 | SE lao ahr F 
8 fos l/snie=| 2 2) 28 o| cs bp Pass 
B2\Ss(Se) 28) 2/8 \e.|/ A | atlas (elslele| » Is 
2 relcgea| Fe Elz lea| 2/22 leele/Ei2/2| 2 dla 
44 | Sel ony 3 °o i * . 2 
4\ssiseis<| 8° 18 |S12°| 2/82 let lel2lal4| 2 bee] 2 
bis 
France A 
1.34] 4,000z | 106} 50 | 651 1,279 651 3 pairs of 
shafts 
Pod Aad 14 3 3 492| 450 Beate sheer’. Base y 
Re 
4) e¢)a]y 83 6 330 1 5 Aly 
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Cc ‘ Deepest Zone Tested 


» Footnotes to column headings and expla 


1 Data compiled from J. Mena. 
2 Of which 319,260 by wells and 239,410 by shafts and galleries. 


haracter of Oil, Character . 
Approx. Average of Gas, Producing Rock 
during 1933 Approx. 
ayers 
Gravity, ‘uring 
A.P.L at 60° F. 1933 
as & |x 2 
“8 a é Bes Name Ageg re 
2 &| | & [Sm 4.24 
g| 8 | 8 2% Ay a A a SiS a 
AG Geeriea ie: Ha! 
i 4 % Bw je ae 
4|3 S Ba) 2 Sl a |o= Alas 
| 
France . 
1)17 |34.4 |27.3 |0.08)M| y y | Pechelbronn form. | Oligocene] 8s |. . 
Lower Oligocene 
Middle Jurassic L 
Upper Triassic D 
2|34.8 137. |385.7 |0.21)/P SDRIAESIO: "ln een D 
North Africa 
3 
£180 47, 6i5, halon P|) 9) y | Helvetien Mio Ss|a} z 
- $ 


Structure? 
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to End of 1933 . 

g { 
Zs 
Sas 
odo °o 
= 
sy s 
as Name 3 
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S a} 
2 Ee 
2 A 
2,000) Lower Triassic | 3,434 
Sante Sil 2,479 
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nation of symbols are on page 175. 


n : In Bees e Gest nll was Se aied at 1608 ft. 
‘holes have been located and are drilling. 
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Taste 2. rary of Drilling Operations in France and North Africa 
me _ (Figures in body of tabulation represent number of holes.) 


Completed Prior to Jan. 1, 1934 * Completed during 1933 


, or 
Dry and/or Near-dry Holes Dry and/or Near-dry Holes ae 
Produ 0s | Produc. a ae 
Total Depths, Ft. Wat, | Total Depths, Ft. way, 
(For (For 
ore Detedle| cee 
Total Total so 
gigigigisigis| | Table loisigigigisisis| | table | & | 8 
a/geseees siege aie 2\3 
OD | rt | [OD [eH ad [ce [re OD | rat | ON | OD JH [acd [CO [be E 
ance 
Pechelbronn........... y 5/41/10) 1 57 48 24] 1 
Galan fo-siccicain csp eisai 38 j11 | 1 50 
North Africa 
Morocco: 
Gharttcst cece. oes 341/19 | 2) 1) 1 12} 58 4) 4) 1 1) 10 1 
Tselfat.... 7 22 6 1 7 3 
Fez, Taza, etc........ 1 1 2 1 
Igeria: 
(0) Is cacsiraietase « 67 16 
Chelif valley......... 14 | 83| 2) 3] 2 29 
} ‘unisia 1 14 7 1 1 2 
* oe IGT ES Lee Sel 2 See i 12} 1 1) 75 48 24 19 
1 Lg hey for geological information only. 
27014 
3 One of roan wells in Ain Zeft produced about 10,000 bbl. from 1904 to 1914.) 
45130 feet. 
5 1608 feet. 


Petroleum Development in Germany during 1933 


By Water KavENHOWEN, Hampure, GERMANY 
(New York Meeting, February, 1934) 


Tue production of crude oil in Germany during 1933 totaled about 
1,669,521 bbl., a slight increase over the 1,608,558 bbl. produced in 1932. 
This is an extension of a yearly increase which has continued uninter- 
ruptedly since 1928. The 1933 increase in production is due chiefly to 
developments in the Nienhagen field. The production of the Wietze 
and Oberg fields remained rather stable, pane the Oelheim-Eddesse and 
Volkenroda fields showed decreases. 


TaBLE 1.—Oil Production of Germany by Fields and Oil Provinces, 
1928-1933 
(Barrels of 42 Gallons)* 


5 Thurin- 

Salt-dome Province gine Baw a awe 

Year preci of 
erman 
Been Amore bes joe ey Oberg Total Salt | Volken- Reich 
Field. forde Field| Field Field | Dome Fields | roda Field 

1928 274,323 | 322,742 679 46,319 | 644,021° 644,315¢ 
1929 310,891 | 337,582 10,535 67,578 | 719,901° 720,069¢ 


1930 586,404 | 427,539 | 100,716 | 72,485 |1,186,969"| 29,806 | 1,220,296¢ 


1931 506,548 | 403,634 | 213,549 | 116,088 | 1,242,598> | 360,885 | 1,602,517¢ 


1932 769,405 | 366,982 | 230,979 | 130,711 | 1,498,077? | 110,481 | 1,608,558° 


1933 | 1,014,853 | 376,628 | 127,211 | 110,131 |1,628,8232| 40,698 | 1,669,521¢ 


“ Official figures published in Germany are given in metric tons. For the above 
conversion into barrels a factor of 1 metric ton equaling 7 bbl. has been used. 
5 Includes a very small production from Heide in Holstein. 


° Includes a very small production from Tegernsee in Bavaria and Bruchsal in 
Baden. 


4 Preliminary official figures. 


PropucinG Freups 


Nienhagen Field.—This field furnished about 61 per cent of the total 
German oil production in 1933. Most of the drilling activity centered 
in the north district near the village of Nienhagen, where the trend of 
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i _ developments is showing an easterly extension of the productive area 
__ which is following the strike of the northeastern flank of a west-north- 
__ westerly pitching upfold on the flank of the salt plug. During the year 
__- 19 wells were completed as producers, two wells encountered salt water, 

_ and four wells were temporarily shut down. At the end of the year 18 


wells were drilling. 

The bulk of the production was obtained from 65 wells producing from 
depths of 1950 to 4026 ft. The remainder of the production was supplied 
by about 100 shallow stripper wells. 

Wietze Field.—This field produced about 23 per cent of the year’s oil 
production. There were no developments of special importance. Dur- 
ing the year seven shallow wells were completed and at the end of the year 
two were drilling. The number of producing wells is about 440. About 
one-half of the oil production of this field is said to be derived from wells, 
the other half by mining the oil sand. 

Oelheim-Eddesse Field.—This field participated in 1933 with 7.6 per 
cent in the oil production of Germany. It consists of the old, nearly 
exhausted, shallow Oelheim district and the 1928 discovered Berkhépen 
‘district, where production comes from the deep Rat sand. The produc- 
tion of the field seems to have passed its peak. Owing to the steep dip of 
the oil formation, the productive zone seems to be confined to a rather 
narrow strip. Wildcatting on other flanks of the salt plug has not yet 
been successful. At the end of the year in the Oelheim and Berkhépen 
districts together 13 wells were producing. 

Oberg Field.—The Oberg field supplied about 6.6 per cent of the Ger- 
man oil production. The most important feature during the year was 
the bringing in of the Otto III well, which forms a one-mile north- 
ward extension of the field. The eastern margin of the field was defined 
by several wells drilled near Miinstedt, which encountered edge water. 
The limits of the field in the other directions are still unknown. While 
normal inside drilling has been going on, extension wells have been trying 
to outline the field in northeasterly and westerly directions. One well 
reached the deep Rat sand and found oil shows. Further testing of the 
Rit possibilities are being continued. 

During the year 14 wells were completed as producers, four wells 
encountered salt water, and five wells were dry holes. At the end of the 
year nine wells were drilling and about 65 wells were producing. 

Volkenroda Field—The Volkenroda field yields 2.5 per cent of the 
German oil production. The oil is obtained from shallow wells which 
are drilled from the 3000-ft. level of a potash mine. Besides the yearly 
production figure, nothing has been reported officially about the develop- 
ments in this field, and it is unknown whether the decrease of the produc- 
tion during 1933 is caused by natural decline or is due to the lack of drilling 
space within the mine. 


fbtds? In msdn’ 19 shart core tests were tet for ¢ 
structural conditions. Of the 26 wildcat wells, 2 2 e 


Zechstein as the objective oil oe A further err sh 
five of the 26 wildcat wells were abandoned prematurely before h: 
reached any known oil horizon. Of the remaining 21 wells, two wer 
localities where the objective sand was not sealed to form a trap, t O- 
wells were too low on the flanks to be tests of their respective structures, 
two found the objective sand to have been faulted out, six wells were not 
on favorable structure (wigglestick locations in part), four were too close = | 
to salt plugs to find favorable flank conditions, two wells found the objec- cs 
tive oil zone to be too thin for commercial production, and three wells 
found small quantities of gas only. 

At the end of 1933 a total of 24 wildcat wells were drilling, of which 19 
wells were drilling on salt domes and five on Triassic structures (anticlines). 


= | 


GEOPHYSICAL ACTIVITIES 


During the year seismic reflection and refraction work as well as 
torsion-balance work was carried out especially in northwestern Germany, — 
the purpose being to discover new salt domes and other structures, as well 
as to outline those already known. At present there are about 50 salt 
plugs in Germany of which the existence has been proved by drilling. 
Many of these have never been tested for oil, their existence being known > 
only as the result of old potash explorations. In addition there are about 
37 salt-plug prospects, which have been discovered by geophysical 
methods during the past few years. 


© 
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Oil and Gas Development in Iraq, 1933* 


By Ben B. Cox, t New York, N. Y. 


(New York Meeting, February, 1934) 


Since our last review of Iraq,! considerable progress has been made 
not only in exploiting Iraq’s potential resources but in building pipe lines 
to carry the oil to the Mediterranean. No new fields were discovered in 
1933. ‘The Naft Khaneh field, discovered in early 1927 by the Khaniqin 
Oil Co. (subsidiary of the Anglo-Persian Oil Co.), continues to supply 
the local markets through the Rafidain Oil Co. Kirkuk field, discovered 
by the Turkish Petroleum Co. Oct. 14, 1927, remained shut in pending 
the completion of the Mediterranean pipe lines, and the Qaiyarah field, 
discovered by the same company on Oct. 13, 1927, was abandoned in 1928. 

The principal development of interest during the year was the progress 
made on construction of the Iraq Petroleum Company’s 1152-mile pipe 
line from Kirkuk to the Mediterranean. The line is double 10-in. and 
12-in. pipe for 156 miles west of Kirkuk, where the parallel lines bifurcate, 
one leg going through British mandated territory to the new port of Haifa 
and the other through French mandated Syria to Tripoli. Each line may 
be operated independently of the other. There are three double stations 
on the Kirkuk-Haditha portion, four single stations on the Tripoli leg, 
and five on the Haifa in addition to a relief station in the Jordan Valley. 
Except for the Jordan Valley section and two other short stretches on the 
Haifa leg where pressures are exceptionally high, the line is single. 
Sea loading lines will be used exclusively at Tripoli and both sea loading 
lines and dock loading will be employed at Haifa. All pipe was welded 
and buried before the end of December, 1933. It is anticipated that 
enough stations will be completed to make 50 per cent capacity operation 
possible some time during the latter half of the current year. Some 
months will then be required in which to fill the line, so that if terminal 
facilities are ready and no unexpected emergencies arise, partial daily 
deliveries of Iraq crude may be received at the Mediterranean some time 
during the final quarter of the current year. Capacity operation of 
84,000 bbl. per day is not anticipated much before the middle of 1935. 


Om AND GaAs PRODUCTION 


No gas is produced commercially and, except for Naft Khaneh produc- 
tion, no crude is marketed. . Although the Turkish Petroleum Co. and 


* Published by permission of the Near East Development Corporation. 
t Geologist, Near East Development Corporation. 
1B. B. Cox: Trans. A.I.M.E. (1932) 98, Pet. Dev. and Tech., 238-43. In 1933 
(Trans., 103) E. B. Swanson reported on Iraq. 
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_ to turn into the line by April of this year. 


wells. ie 
supplies its eeciice requirements. 


DRILLING Oeveieaia 


The Iraq Petroleum Co., since 1930, has discontinued Pavon 
drilling and concentrated on the exploitation of the Kirkuk field 
paratory to filling its 84,000 bbl. pipe line. Drilling operations are 
schedule and the I.P.C. expects to have its initial producing wells r 


The Mosul Oil Fields Ltd., holding company of all the shares i i 
British Oil Development Co., after acquiring the ‘West Tigris Con eS 
sion” in May, 1932, has connieted a geological survey of its 46,000 square 
miles and is entering upon an exploratory drilling program with three | 
cable-tool rigs. ‘ 


Petroleum in Iraq Transferred Territories in 1933* 


Tur Khanagqin Oil Co., which operates the Naft Khaneh field in the _ 
so-called Transferred Territories, has continued to supply the Iraq market 
with petroleum products during the period under review. The output | 
of its refinery at Alwand during the past three fiscal years ending March 
31 has been as follows: 


Barrels of 42 Gallons Each, Year to March 31 


1931 | 1932 | 1933 
Gasoline weds Iie 48 EE nts. o ee 106,908- 105,694 100,505 
Kerosanens V.issadies diam ee OS talawe ed 108,164 115,994 111,345 


Be] 61... faaste ¢dytareerps SoU te eae 365,500 392,819 413,966 


580,572 614,507 625,816 


* Contributed by Anglo-Persian Oil Co. Ltd. 


Summary of Producing Operations in Italy during 1933 


By D. A. Greic,* Parma, ITaty 
(New York Meeting, February, 1934) 


THERE was a decline in the Italian oil production in 1933 and also 
in the footage drilled. A total of about 194,500 bbl. of crude oil was 
produced in the Emilia district of northern Italy from the same fields 
in production as in 1932. New drilling to the extent of 80,700 ft. failed 
to find new production to compensate for the decline in old wells, and no 
new fields were discovered in spite of an active exploration campaign by 
the government-owned company A.G.I.P., which has just completed the 
first year of a five-year exploration program. This company drilled a 
total of about 33,000 ft. The majority of its tests were drilled in the 
Po Valley upon locations selected by geophysical methods. This 
company is changing over to the rotary system for all future wells. It 
- produced about 16,600 bbl. of oil from wells near Salsomaggiore and in 

the Po Valley. 

The Petroli d’Italia, which operates the old fields of Montechino, 
Valleja and Gratera south of Piacenza, has been doing normal develop- 
ment drilling in the endeavor to extend its present fields. Also it was 
drilling two exploration wells in the Torino district. It drilled a total 
of about 13,930 ft. and produced approximately 12,645 bbl. of very high- 
grade oil (specific gravity about 0.765). 

The Societa Petrolifera Italiana was occupied chiefly in exploratory 
drilling in the endeavor to extend its producing fields at Salsomaggiore 
and at Vallezza, south of Parma. It was also drilling one exploration well 
at Rile dell’Olio near Voghera on the line Milan-Genoa. It drilled a 
total of 33,849 ft. and obtained a production from its two fields of 
165,273 bbl. It also. produced 123,220 gal. of casinghead gasoline 
from Vallezza field absorption plant. 


* Societa Petrolifera Italiana. 
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Petroleum Development in rege 


(New York Meeting, February, 1934) 


7 Tue production of petroleum in Mexico during 1933 peer 
000 bbl., or 625,000 bbl. more than in the previous year. This 
; first tcae since the peak in 1921 that the declining trend of output ‘ 
ss been reversed. Drilling activity in the proven areas of the Tahnee e of 
Tehuantepec and the Northern fields increased substantially during th 
year. The completion of two producers in the Poza Rica area south ¢ of 
Tuxpam and a shallow gas well in the Camargo district near the American . 
border were the outstanding features of development. Ys 
Late in September the Northern fields and the oil port of Tampico : 

were swept by a hurricane followed by floods which caused loss of life and 
heavy damage to the City of Tampico and to transportation, tank farms | 

and refineries. For three weeks, owing to the silting of the Tampico Bar 

and destruction of terminal facilities, no oil could be shipped for export. 

About half the wells of the Northern fields were closed for a period of 

30 days. The prompt and effective steps taken by General Macias, chief 

of military operations, prevented the spread of epidemics and any serious 

aftermath of the catastrophe. 
Tables 1 to 3 give statistics on production, storage, exports and 
imports. 


TaBLeE 1.—Production 


(U. S. Barrels) 
TT ee 
Distribution of Production Tokal Paciacion 


Since Discovery 
to End of 1933 


1932 1933 
Northern fields..............000. 13,107,000 | 12,890,000 694,000,000 
Sauth fields... 4.1 cause cos ee 11,812,000 11,630,000 979,000,000 


Lleluantepec fieldsica. eean eaee renee 7,886,000 8,910,000 49,000,000 


32,805,000 33,430,000 | 1,722,000,000 
nn anne ee 


* Foreign Oil Department, Henry L. Doherty & Co. 
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inl Tanne 2.—Storage 
(U. Ss. Barrels) 


Jan. 1, 1933 


Jan. 1, 1934 


ecg han 2A Pet rile “so 553, | 7,790,000 


te ae oe 2,986,000 | 3,744,000 
Were Ae ce ree See a. 1 BT7 000 1,843,000 

geal tiles REEL CTSP ALA), St ARC 05 Ba 409,000 558,000 
Te Peed Pai Set, FA. stun ROAM tee 493,000 | 570,000 
PRAT ROT ee PSE CIT ORR 283,000 540,000 
cess teat &, Seat sepemn me peat Rat 170,000 152,000 
eee pees f silbbain vig ae 183,000 115,000 
ere vx, Cae ee 453,000 357,000 
HE Gp Maes AAS cot dnecaes 363i 1,840,000 1,639,000 


TaBLe 3.—Exzports and Imports 
(U. S. Barrels) 


Exports¢ Imports 
nd 1932 1933 1932 1933 

LCA Ve COUOG oie aioiee ave 1 ermitine 6 9,745,000 | 10,233,000 

SIG ROMUC Gy orseticte cla scales + sine 0% 138,000 165,000 303,000 
Biel ores Tomer eeeos coke 7,382,000 | 5,621,000 527,000 907,000 
SapOUmcrts far Aamyeats tin wil’, - &2 1,087,000 | 1,125,000 100,000 18,000 
(COST NTE Se Shae Soret oe eee 2,133,000 | 1,986,000 378,000 53,000 
TRG PE STC Ate neh a 1,011,000 543,000 9,000 

LAU aa USEiy TOS, ces AaORE Pe Seam 398,000 347,000 16,000 52,000 
ISS) GAD) Eu ch SE SE ae 832,000 841,000 

MPR hc ie alscaucgetes cos =< « 9,000 8,000 
OOS iia ore et er Ore ae 18,000 7,000 


22,588,000 | 20,834,000 | 1,222,000 | 1,348,000 


¢ These figures include ships, bunkers distributed as follows: 
_ _).. J. JD eS 6 nee eae 


1932 1933 
TEI Gale pe lta art OUR EO IES Coren Sabena 1,594,000 1,456,000 
REESE cig ae Nixie nai ue dae re Les = Sysia nesses 6,000 3,000 
(SSG sees ooece ck Bloc Oc oO roti oe Gane Gris ear ea 101,000 92,000 


1,701,000 | 1,551,000 


16,247,000 17,308,000 


Loe oe «) ee 


TasLe 4.—Runs to Stills and Refinery Output — ell i a 
(U. 8. Barrels) 


Runs to Stills 


R= " Wicerierade. J osaeree ~...| 1,178,000 


A Lightierades...../..: Yate. seth = 2 19,336,000 i, 
: Ruel Oil: “47.5 fee eee 283,000 | 2,236,000 | 12,915,000 | 15,269,000 
Gasol. . 0 Se eee ae 149,000 606,000 | 1,814,000 | 2,533,000 
Gasoline: acc. << shales eee 1,380,000 | 2,714,000 | 4,756,000 | 6,359,000 
- IKeTOSCNC nism. Seco stato ee 441,000 436,000 | 1,783,000 | 1,340, 000 
ic a Re 76,000 71,000} 580,000} 472,000 
“Paraffin. 5:60. 1+ ss... Sees 107,000 310,000 246,000 132,000 
INGjo Eye he Maine aber ats 857,000 805,000 
4 Other distillates............... 1,858,000 | 1,707,000 | 1,021,000 822,000 
24,808,000 | 28,651,000 | 23,972,000 | 27,732,000 


TaBLe 5.—Domestic Consumption? 
(U. S. Barrels) 


| 1932 | 1933 


TOA Vy *GPILCLO\. asaycr, ar 53 co sate alReMsi ale tt nies acer Carne 1,693,000 | 1,363,000 
Tipitsornde ss} gasses «ais bogent ath tn Ae ie valle San oe 258,000 333,000 
POOL OM oie. c Ghanian ashes sch SER eae ciak (ge ieiaie  eeenee 7,509,000 | 8,185,000 
Say sais sens ok Sev eam os ie are nels ial Salles a eee 605,000 671,000 
Gasoline. <:.avimanastas cat ola tice cee ete e eee eta eae ee 1,731,000 | 1,765,000 
TRGEGRODG Si cuca ikes'% « sn bos 0s Boe Ee Ae in 561,000 357,000 
Durbriaanty . bvi¢.c<tie say < bos cei te ieee ec 109,000 124,000 
Para titi os. 5 3) opigeas agpbere ers: 4 aha ans Sei eee ea 111,000 91,000 
i enna mer ee SOM ro 75,000 34,000 


12,652,000 | 12,923,000 


* Consumption figures do not include bunker oil. 


Ort Pricrs 


The price of heavy crude f.o.b. Tampico declined from 44¢ U.S. Cy. 
per barrel at the beginning of 1933 to 36¢ in May. By July the price 
rose to 44¢ and in September advanced sharply to 70¢. At the close 


. ee ee 


: $1. 05 in 1928. 


_ = 


i GARFIAS J AND RV. VY WHE TSEL 


_ of f the y year spot cargoes were line at 74¢ per barrel compared to an ii 
av average price of 44¢ in 1932, 55¢ in 1931, 60¢ in 1930, 65¢ in 1929 and 


Southfield crude, chiefly bought in the field for local refining, sold 
at an average price of about 35¢ per barrel during the year. 


TAXES 


Table 6 shows Mexican oil taxes for December, 1932 and December, 
1933. On Dec. 30, 1933, the government instituted a yearly surface tax, 
effective Jan. 1, 1934, of 20 centavos per hectare—about 214 U.S. cents 
per acre at the present rate of exchange—on all oil concessions granted to 
individuals or corporations. Slight increase in income tax rates was also 
enacted, including a new tax on incomes in the lower brackets. 


TaBLE 6.—Mezican O1l Taxes 
(Dollars per U. 8. Barrel) 


December December 
1932 1933 


ICH V VACTUNL Crete ie os erty of oka Seta gee a Aone. 0.08670 0.10646 
WM TCLN OnePass caysns 2 Sous clot query peerings AOS oe sar gaks 0.14618 0.17196 
ENTE LOA eet Ee ates Woe cioaieke Se Ook aukae Al ohebine doe ores ake 0.12320 0.16321 
etinedayasolime: oii. te Uhh. LMNs Mak Teas ok tGeegeas sls s -...-| 0.12486 0.12786 
Ire TROL G are ee cae tay SA ads 6 BinkcnSgi g's auto afer «so ogee 0.27377 0.27335 
BECETINGC KETORCDE tic. c. sis + ofa ioe Ws ob Sxenne RS eT RE ee 0.08249 0.08635 
ROTC CLOSET Cpt crricde eithe ausrare is oetPuel a «sags: nlage “sare taste maison 0.17496 0.17709 
1 ST LEY ECPI Tie, area RnR ea a 0.16269 0.14805 


The rate of exchange at the beginning of 1933 was approximately 
3.25 pesos to the dollar, and toward the end of the year it declined to 
3.60 pesos to the dollar. It is interesting to note that the sharp fluctua- 
tion of the American dollar had practically no effect on its relation to the 
Mexican peso. 


OuTLOOK FOR 1934 


Higher prices for heavy crude may encourage drilling activity in the 
Northern fields during 1934 and present indications are that new develop- 
ment in the Poza Rica area will further increase the output of the South 
field, and as the fields on the Isthmus of Tehuantepec should maintain 
their present output, it is reasonable to expect that the production in 
1934 will moderately exceed that of the preceding year. 


ot stquet Oiala Steer 
pair dian eee in “pacutad gn 1983" ni ris er ‘ 


(New York Meeting, February, 1934) 


to bring up to date the full information given at hie biphortte of 19% 

Controlled production from the Masjid-i-Sulaiman and Haft Kel fi 
has been maintained at slightly higher rates than during 1932. 
figures for the past five years are as follows: 


| Masjid-i-Sulaiman Haft Kel 
Barrels “4 Pi apai 
7 ‘OX. 
ae pa ee a ee 
1929 5,434,071 41,531,828 | (2mos.) 26,884 205,471 
1930 4,925,869 . 37,647,713 | 1,013,433 | 7,745,523 
1931 4,248,086 32,467,514 1,502,412 | 11,482,720 
1932 4,490,010 34,444,759 1,955,798 | 14,926,511 
1933 4,999,635 38,852,880 2,087,071 | 15,879,463 


# Production to main pipe line from Haft Kel was begun in November, 1929. 


These represent crude oil and products piped to the coast but exclude 
products reinjected into the reservoir, a process that has been in continu- 
ous operation at Masjid-i-Sulaiman during the period under review. 

The systematic delimitation of the Haft Kel field has been continued 
during the past year and results have been sufficiently encouraging to 
justify the inception of a wider scheme for distribution of production. 

Drilling has been resumed recently in the Persian sector of the Naft 
Khaneh field, and preliminary survey work is in progress for the selection 
of a site for a refinery at Kermanshah and the construction of a connecting 
pipe line. 

Investigations in connection with the scientific control of reservoir 
were dealt with in considerable detail in last year’s review. This work has 
been steadily pursued during 1933 and certain of the investigations have 
been the subject of papers presented to the World Petroleum Congress 
held in London in July of last year. 


* Contributed by Anglo-Persian Oil Co. Ltd. 
1 Trans. A.I.M.E. (1933) 103, 397. 
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Petroleum Developments in Peru during 1933 


By O. B. Horxtns,* Toronto, Ont. 
(New York Meeting, February, 1934) 


THERE was no noteworthy development in the oil industry in Peru 
during 1933 and all activities were restricted to the producing fields. 
The output of the country increased above that of previous years but 
there still remained a substantial shut-in production at the close of the 
year. The total production during 1933 is estimated at 13,259,891 bbl., 
of which the International Petroleum Co., Ltd. contributed 11,205,- 
362 bbl. A relatively small amount of new drilling was undertaken 
during the year. The International completed only one new well 
although a number of the old producers were reworked and deepened. 


CoMMENTS ON TABLES 


There are four oil districts in Peru, as shown in Table 1, although only 
three of these are now being operated. The exhausted Pirin field was 
abandoned eight years ago. 

La Brea-Parinas.—The La Brea-Parinas fields are on the property of 
the International Petroleum Co., Ltd. in the westernmost part of Peru. 
These fields include a number of producing districts that are defined by 
complex fault blocks associated with anticlinal folds. Data covering all 
the items listed in the table are not available on these fields but can 
perhaps be supplied in part in the future. 

Lobitos and Restin.—These two fields belong to the Lobitos Oilfields 
Limited and are near the coast, 10 to 20 miles north of the La Brea- 
Parinas fields. According to the Department of Mines and Petroleum 
of Peru, 311 wells at Lobitos and 197 at Restin had been drilled to the end 
of 1927. Since that date there has been enough drilling to increase 
moderately these figures. The depth of wells is not available but it is 
believed that their average depth is slightly greater than in the La Brea- 
Parinas area. The productive horizons are of Kocene age. 

Zorritos.—The Zorritos field is the northernmost in Peru and is 
operated by the Establecimiento Industrial de Petroleo de Zorritos. 
The field is on the coast about 70 miles north of Lobitos. The number of 
wells drilled in this field to the end of 1927 was 343, according to the 
Department of Mines and Petroleum of Peru. The depths of these wells 
are reported to range from 300 to 700 ft. The largest wells do not produce 


* Chief Geologist, Imperial Oil, Ltd. 
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Age, Years, to End of 1933 


Field and Department 
arinas, Pi +13,500| 119,654,506) 7,635,681/11,205,362 | 33,268. 
1 | La Brea andP: , Piura|Over40 +13, Hottie te he 
2 | Lobitos and Restin, Piura 28 . y Te ae ads 212,811} 1, 
= itos, Tumbes........ 49% aes . y 
i An ee Puno..| 27 Field abandoned in 1915. 


i i ir ii) 


Oil i 
pore Number of Oil and/or Gas Wells 
Bbl. 


at End of 1933 


- ber of Gravity 
g ring At End of 1933 a - APL at 60°F 
2 ce] op Ree 3 & bo 3 = =I 
; fon oe 2 | =o le} sie g EO 
7 ale As “eo = S | 3 a Ae = 5 
7 B)e2 |se| da (E/E) 2 lg | 2% vis|_(gela| 2/3) © 
42 |e ae (2) 3 l68| & al 2 call 2 las |di3| 
ty he tee o Ss fs = - 
BISs | ES] SB I8 4 \84| 2 EE & eS El 2 gles|3 | = a 
1 | 8863) 24 | 2,838 | 1 | 6 | 217 | 1,452°} 13 | 1,465] + 1,800/23| 1,395/34\217| 116| 48 | 14 | 38 0.05, 
2 See Text 36 |0.064 
p 3 See Text 38 : 
' 4 See Text 


Charact Be Dee) Eien 
racter . 5 es} 
of Gas Producing Rock ‘g_ | to End of 1933 
Approx. Average 3 
during 1933 Ags 8 

§ Eg & a L 
> |S 

2 BU. per Name Age? |Character’ = ? § Pi 8 Name 

8 a | # jee 
ee eee ee 

il 1,100 Lomitos Cong. mostly. E Koc |S. and §.H.| 200 | AF | 554 Upper Cretaceous 

Some from Salina and Upper Negritos. 

2 Eoc |S. and 8.H. AF 

3 Mio 8.H. AF 

4 


« Footnotes to column headings and explanation of symbols are on page 175. 


Pirin (Huancane).—This is an old field, which has not been produced 
since 1925. It is about 28 miles from the Port of Puno on Lake Titicaca. 
From 1908 to 1910 about 50,000 bbl. annually was produced from this 
field, and this represents the peak period of production. The field is 


aN ras” 


ummary of Drilling Operations in Peru 


n body of tabulation represent number of holes.) 


Completed Prior to Jan. 1, 1934 Completed during 1933 


Dry and/or Near-dry Holes Dry and/or 
: | Productive | Near-dry Holes 
Total Depth, Ft. ells |—_——_——_ 


Within Fields 


14 iehiget) 
By CuAnuais Bontcmecon Warsav 


(New York Meeting, February, 1034) freieg a 


TABLE 2 shows a comparison of the drilling and wells compl pl 
years 1932 and 1933 in the three mining districts of Poland. 


f+ fe TABLE 2 Wells Drilled and Completed i in Poland 


‘Total Meters Drilled 
: ~ 1933 1932 

be JaslONeke oe Seb Se eee 28,444 25,267 62 
. Titokich rose Le ese 31,031 25,753 atieay ms 
; Stanislawow,s.ce¢ss95.. os: eh 6,923 7,458 
| Robaliee.n.- acme chr Re Ate 66,398 58,478 


TABLE 3.—Production of Recently Completed or Deepened Wells, Poland, 


Sept. 1, 1933 ; = 
Average Daily Pro- | 4 verage Daily Settled _ 
duction, Initial Ee ae:  . 
Producti Well, 
rather than Settled, | Pr oe Dey 
1. Jaslo district (av. of 8 wells)............. 4.9 1.85 
2. Boryslaw (well Kleiner).................. 51.1 9.3 
3. Mraznica (well Metan).................- 43.8 19.7 
4. Tustanowice (well Emigesta)............. 54.7 12. Smee 
5. Wankowa-Rypne (av. of 8 wells).......... 12.8 2 
6. Stanislawow district (av. of 5 wells)....... 14.0 2.6 


The most important decline in drilling activities during the past three 
years was in the Boryslaw-Tustanowice-Mraznica fields and at Bitkow 
in Eastern Poland. A small drilling increase in some fields of the Jaslo 
and Drohobyez districts, notably Wankowa, Ropienka and Rypne, 
cannot compensate in new production for the decline in the 
large fields.! 


1See C. Bohdanowicz: Oil Fields of Poland. Bull. Amer. Assn. Petr. Geol. 


(1933) 17, 1084-1097. 
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ama, eta of eres ee 42.4 per cent of 
933 iction and other large firms produced 29.8 per cent 
companies 27.8 per cent. In drilling activity the Malopolska 
29 per cent, other large firms 8 per cent and small companies 
er cent. The drilling activity of the small companies was almost 
‘ely limited to the fe small fields of the J aslo and Drohobyez districts 


ax The small piiduiticn ee Polish wells is shown by the eee from 
é. different districts given in Table 3. Table 1 gives a detailed statement 
of oil and gas production in Poland. 

_ The production of gasoline was 38,833 tons in 1932 and 41,978 in 
1933. The production of ozokerite was 589 and 366 tons respectively. 
The foregoing shows that the producing situation in Poland is becom- 
ing inereasingly difficult, especially for all the larger companies. 
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Rumanian Oil Fields i a 1933 


(New York Meeting, February, 1934) 


the courtesy of Dr. W. P. Haynes, of London, and Mr. T. V. Grigore 
of Ploesti, Rumania. 

Gura Ocnitzei was the most active field during the year, furnishi - 
40 per cent of the production and 50 per cent of the drilling activity. 
Extensions to the west in this field were made both by Concordia and 
Romana Americana. In these new extensions the bulk of the production er 
comes from the Drader member of the Dacian, with an average depth of 
1300 m.; the underlying third Meotic at 1700 m. has not been developed — 
yet. i Gura Ocnitzei east no new drilling has been done in 1933, — 
but here declining pressures have led to the extensive use of gas-lift 
and pumps. va 

Ochiuri saw some small drilling activity, but production declined. — 
Two good wells were brought in by Unirea and Astra at the close of — 
the year. « 

Boldesti continued to be developed on a general plan by the four | 
major companies interested. Production was from the Meotic, which 
in this dome has been penetrated for 356 m. Reserves have been esti- 
mated at about 63,000,000 bbl. An important discovery in this area 
was the bringing in of Credit Minier No. 1 Harsa to the east of the main 
field and producing from the Meotic. This well came in during October, 
1932, and is now making 1400 barrels. 

In the Moreni Piscuri field only routine operations have been carried 
on. The prolific sands are now declining rapidly. Ceptura also saw 
only routine operations. 

In the Arcesti field development of the Meotic continues. Seven 
new wells were brought in during the year and ten were drilling at the 
close of 1930. The field produced over a million barrels for the first time 
during 1933. 

In the other fields only routine operations were carried on. 

A considerable increase in efficiency of operations was noted during 
the year. The average drilling time has been reduced, coring programs 
have been amplified, and much care has been taken in straight hole 
drilling. The Schlumberger electrical coring apparatus is extensively 
used. Llectric-driven rotaries have been introduced at Gura Ocnitzei. 
The Moniteur du Pétrole Rouman reports that the index cost of drilling 
one meter, taking 1929 as a base of 100, has been reduced to 32 in 1933. 
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ater and ar 8; miocthnlten 6. The old eee A: aie wells 
now almost a thing of the past, and the majority of wells are equipped 
‘ith either gas-lift or pumps. In general, the old competitive Rumanian 
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_ Tasie 1.—Oil and Gas Production in Boldesti and Ceptura Fields, = 


Rumania 
; 
| Age,| _Area Total Oil Production, Bbl. 
& Years Frere 
g Field, District pat as Daily 
. of To End of } During | During | Average 
5 o 1933 Total 1933 1932 1933 during 
ee Nov., 1933 
SE Pa EOLA ERtI ENG NROUD «a:e:ciajncorsi gyssarvrereisv-sicletereieletaiscais s| 5 | 58,218 21,477,000] 8,658,300) 7,333,600] 251,700 
yo 2 Deity al Ma ROUE seins siaiacieis > atae's eneteia ».5 to npte na 9 1,843.75 | 19,830,075) 2,826,750) 3,235,050: 965.3 
See ee ee ee 
Total Gas Oil Production 
Average Oil Production Number of Oil and/or Gas Wells Depth . Methods 
Production, Bbl. | yyitliong Cu. Ft. i Average, Ft. At End of 1933 
* At End of 
During 1933 Number of Wells 
5 | Per Acre Soe oe = Bot m8) To Top 
“& |to Bind of| during | To End of 1933 aaa ab [Py | Produ Oil | ow [le 
3 5% | 1933% | Nov., of 1933] Com- | Aban-| Sa g/2 ») tive ‘one FI Et 24 
EB 1933 pleted | doned | > S/S. 8| Wells ee 
| SEA\ES = z & 82 
= A 695 1,207+ 4g il 5 3 36 8,202 7,546 32 4 
E 2 19980 219 181 5 16 9 44 3,609 2,953 13 23 8 
# Se 
nr nee Eee 
. Deepest Zone Tested 
Sens Producing Rock | To End of 1933 
Approx. Number of 
during 1033 beast Ria 
uring ruc- ear-dry 
ae turej | Holes to Depth 
i : Name Age g ness, Pa f Name of Hole, 
2 Gravity Average Feet 
fe ae Ae Feet 
4 . 
35.5 Upper and Lower Meotic Pli 771 A : Lower Meotic 8,202 
2 33.5 pues and Lower Meotic Pili 850 A2 38 Sarmatic 8,855 


’ Footnotes to column headings and explanation of symbols are on page 175 
1 Producing gas only, 4; dry holes, 2. 
2 Diapir type. 


fields are producing a smaller and smaller percentage of the oil and the 
more recent discoveries, such as Boldesti and Arcesti, are being developed 


according to fixed plans. 
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The Petroleum Industry of the U.S.S.R. 


(New York Meeting, February, 1934) 


ForREWORD 


Tue following paper, submitted by the Russian petroleum authorities, 


- was secured through the courtesy of G. V. Ackerman, Vice President of 


Amtorg Trading Corporation, and N. V. Vannikoff, Representative in the 
U.S.A. of the United Oil and Gas Industries of the U.S.S.R. It gives an 
excellent view of the Russian petroleum industry as seen through Russian 
eyes. Noteworthy is the tremendous area over which the Russians are 
searching for petroleum, for this paper refers to such far-flung areas as 
the Arctic Tamir Peninsula, Kamchatka and Sakhalin on the Pacific, 
Lake Baikal in Central Siberia, the great new discovery at Neftadag in the 
plains of West Turkestan, and the oil of the Ferghana oasis, where the 
derricks look out over to the mosques of Kokand. Of interest also is 


- the new pipe line to supply the industrial centers of Ukraine grouped 


around the great hydroelectric plant built at Dneprotroy on the falls 
of the Dnieper. The technical achievements have been noteworthy 
and we must pause to consider the scope of the undertakings being carried 
forward. Russia is at the worst a good second to the United States in 
petroleum reserves and for a long time to come will be a most important 
factor in the petroleum markets of the world. Her story should be of 
interest to everyone in the industry. 


Tue First Five Year PLAN 


The first Five Year Plan, covering the period 1928-29 to 1932, accom- 
plished the task of transforming the Union of Soviet Socialist Republics 
from an agricultural, backward land into a powerful independent indus- 
trial country, with an advanced technological foundation of its own 
for finally achieving the social reconstruction of the entire national 
economy. Along with the gigantic forward strides in industry and 
transportation, radical changes took place in agriculture. The creation 
of more than 5000 great state farms and of more than 200,000 collective 
farms serviced by a widespread network of machine-tractor stations has 
brought the U.S.S.R. to the fore as the largest agricultural country in 
the world. Imports of tractors and other agricultural machinery in the 
initial years of the Five Year Plan and the intensive output of this equip- 
ment by the great plants of the U.S.S.R. in the latter years of the plan 
have brought about the mechanization of agriculture in the Soviet Union. 
This year 250,000 tractors and 30,000 combines will operate in the fields 
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of the U.S.S.R., with a per unit productivit 
that of the adie capitalist countries, . 
Under these circumstances the role of the oil industry b 


of development: the gicantis strides taken in Pte indiistriatinationa ¥ 
the whole country, the mechanization of agriculture, the es isi. : | 


the national economy, ie rapid growth of road building, a iner 
in the use of machines and mechanical devices, have all served to place © 
the oil industry in the position of leader in the social reconstruction of — 
the country. The successfully conducted geological researches in the 
vast fields of the Soviet Union were also effective in this direction; — 
the discovery of new rich locations of crude oil considerably widened the 
raw-material base of the petroleum industry. Recent years have been ~ 
marked by the discovery of highly productive oil fields. 
The requirements of the country for all petroleum products are 
widening with exceptional rapidity, especially the demand for high- 
grade gasoline and lubricating oils, as witness the figures of Table 1. 


TaBLeE 1.—Internal Consumption of Basic Petroleum Products, U.S.S.R. 
Thousands of Tons 


| 1928 | 1929 | 1930 | 1931 | 1932 
Rotaloilsproducts:,. ¢+- seeeeeni 6,960 8,452 | 10,461 | 12,524 | 14,443 
Gasoline and ligroin.............. 106 147 265 647 895 
Kierosenees.....« (<cnai.5-.089 a eee 1,264 1,676 2,190 2,608 3,026 
Dubricating oillsa.>.-... aon neers 169 225 324 426 541 


It is clear, therefore, why the Soviet Government pays so much 
attention to the development of its oil industry. Large annual appropria- 
tions are made by the Government for seeking new oil fields and for the © 
production, refining and transportation of oil. Capital investments for : 
the first Five Year Plan are shown in Table 2 : 


TABLE 2.—Capital Investments in Petroleum Industry, U.S.S.R. 
Millions of Roubles 


Branch of Industry | 1928-29 | 1930 | 1931 1932 
Drilling . aR Pit is, By he 80.9 99.4 165.8 187.5 
Production HT Me cles is ANE oy one et 17.9 20.0 23.6 Dace 
Refining che Soon c one cnn nen rent 36.3 82.5 65.0 84.5 . 
Pipe lines: (main). : 9)... eee a ee 27.8 17.4 27.0 24.2. 
Other’ branches... 05.5 Ree eee 71.9 142.3 135.6 133.5 
Total; ......0)+...0 234.8 | 361.6 | 417.0 | 453.0 
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industry doubled from 1928 to 1932, increasing from 980,000,000 to 
_ 1,780,000,000 roubles. The entire industrial set-up was renewed with 
these investments in the period following nationalization. In 1933 the 


tion from wells drilled under the Soviet régime. The proportion of oil — 
- produced from the nationalized wells amounted to less than one half of 
one per cent. Of the total oil output more than 30 per cent came from 
_oil-bearing areas which were entirely unknown before the revolution. 
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Fic. 3.—PRopvcTION OF CRUDE OIL, U.S.S.R. 


The sustained technical reconstruction with the utilization of the 
technique and experience of the American petroleum industry enabled 
the oil industry of the U.S.S.R. to reach the pre-war level of production 
in the fiscal year 1926/27 and to exceed that level 2.3 times by the end 
of the Five Year Plan (1932). 


TasBLe 3.—Oil Production in the U.S.S.R. 
Millions of Metric Tons 


: BL Oil Sipser hare orale GeO melOIs24eeer One tons —2O.0. 7 11.6: L982 cn ne 218 

4 1920-21...... DEO b Meee ele Oe eo, ka Loe LOSS eels. ise 22 

; 1921—22...... 4.7 1925-26.... 8.3 1929-30.... 17.3 1934 (Kstimated) 29.2 
1922-23...... eS O86 27 ee lO oe 19sl ons. 2263 

3 The oil industry fulfilled its first Five Year Plan in 219 years, reaching 


—_ 


in the year 1930-31 a total production of crude oil and gas of 22.7 million 
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For the five years 1928-29 to 1932-33 the oil industry produesg abo 


Five Year Plan. 
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Fia. 5.—Exports OF PETROLEUM pRoDUCTS, U:S.8.R. 


Very great changes occurred in the petroleum refining industry, 
especially in the last three years. Before nationalization the Russian 
oil industry did not possess a single pipe still or cracking unit. After 


_ large capacity were built, as well as 26 cracking installations, the greater 
part of which were of the Winkler-Koch type. In addition several 
installations in Saratov, Khabarovsk and Grozny are in the course of 

construction. The network of trunk pipe lines was augmented during 
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the nationalization the greater number of the old type of refining installa- 


the first Five Year Plan by the addition of two large crude lines and 


one kerosene line. The 10-in. pipe line from Baku to Batoum carries 


1,640,000 tons per year; the second 10-in. crude line connecting Grozny 
and Touapse has an annual oil capacity of 1,650,000 tons. 
The 12-in. line from Armavir to Trudovaya transports 1,640,000 tons 
of kerosene a year from the Grozny refineries to the consuming areas. 
This development of the oil industry served not only to satisfy the 


growing demands of the domestic market but also to enlarge considerably 


the export of petroleum products. 

The ratio of oil exports to the total exports of the U.S.S.R. increased 
from 13.8 per cent in 1927-28 to 18.6 in 1932. The growth and character 
of the oil exports of the Soviet Union are shown in Table 4. 


TasLe 4.—Oil Exports, U.S.S.R. 
Thousands of Metric Tons 


| 1928 | 1929 1930 1931 1932 
Mo tal oil PrOductsl wi.) herrin tes a» 3009 3835 4803 5280 6057 
Gasoline and lWerom.. 0 oo... oe 826 1100 1470 1783 2005 
IRSLOSCTICM nase che taltels pears court Adecd. 743 782 qh 729 793 
TAC ATINS OUSS acc we gos wie we > 250 261 272 261 249 
DARTEIEOUIS ee Se hers SE bes sa Oe say ae 1190 1692 2282 2501 2928 
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Owing to the improvement in the operating methods and equipment 
employed in the petroleum industry of the U.S.S.R. there has been con- 
siderable progress in increasing the productivity of labor and in reducing 
cost of production. 

In 1933—the first year of the second Five Year Plan—the Soviet oil 
industry made new gains, which were particularly evident in the accom- 
plishments of Azneft—the unit of the Soviet oil organization in charge . 
of the Baku region. Here there have been important results in the 
exploitation of the deep horizons in Surakhany (Ordzonikidze region), 
Bibi-Eibat (Stalin region) and Puta (Molotov region), and in 1933 new 
fields were placed in production—Kala (Azizbeikov region) and Lok- 
Batan (Mikoian region)—with powerful gushers that astonished the 
whole world. The result of the opening of these new fields was that 
Azneft exceeded its planned figure for the year of 14.4 million tons of 
crude oil, producing 15.3 million tons. 
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or 
Of great interest also are we new oil sel 
Maineft (Khadyji), Embaneft (So. Iskin and Koschagyl), 
(Neftedag) and Vostokneft (Sterlitamak). The tot oil pro 
1933 was 22.5 million tons (including gas) against ssasalh tmillior 
produced in 1932. . 


7if. 
Taste 5.—Crude Oil Production in the U.S.S.R. in 1933 
Thousands of Tons 
JAMWATV ee eet cs «om VASD Maye. sti ee ce es 1862 September . 
Bebrudryey fies. a 453% Juanes. SPS), Pe ok 1785 "October... tae 
Mareh? >}. nein: L703 adulysfepeh) doe 1695 November......... 
i Goiyl eo ee 1605 gpAugust. apes oops os 1925 December.......... 


The drilling operations in 1933 showed a decided increase. The ~ 
total drilling in —_ reached 838,000 meters, an increase of 13 per cent — 
over 1932. ‘ 

Basing the 1934 estimates on the 1933 production figures, plans have 
been laid for an output of 30.7 millions of metric tons (including gas). 
The plans for drilling call for 1,500,000 m. With the fulfillment of this 
plan the oil industry of the U.S.S.R. will have made another decided 
stride forward. 

There has been a change in the geography of crude-oil production. 
Whereas before the revolution the main oil output came from the wells | 
of the Caucasus, there are at the present time large new developments 
in the Ural Mountains, Emba, in Turkmaneft, and on Sakhalin Island 
and other places. 

The second Five Year Plan contemplates further development of 
these new oil regions which have great political and economic significance. 


Ort ProsrrctTine 1n U.S.S.R. 


In the years immediately following the civil war the work of the 
geologists seeking new oil-producing areas was of a sporadic and seattered 
nature, consisting mostly of a continuation of previously started explora- 
tions or assignments from individual organizations or trusts. : 

The intensive prospecting in the areas already under production was 
started in 1924. Most attention was turned to the study of the deeper 
horizons. These explorations yielded the most excellent results: All 
oil-bearing strata of the Novo-Grozny region starting with stratum XIII, 
all of the Kirmakin strata in the region of Baku, oil-bearing stratum 
S of Maineft, and many others were uncovered during that period. Dur- 
ing the same period there was organized a systematic geological service 
for all the various oil trusts for the purpose of deep drilling exploration. 

The next step was the introduction of new methods of prospecting, 
using geophysics and shallow drilling. The geophysical method widely 
employed at Grozny and Emba quickly laid bare the formation and 
structure of the ground. The salt domes of Emba were discovered by 
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THE PETROLEUM INDUSTRY OF THE U.S.8.R. 


a! his method, and the structure of the vast area that stretches from the 
_ northern range of the Caucasus Mountains to the mouth of the Volga 
_ River was ascertained. 


The last few years were characterized by the exploration of most areas 
of the Soviet Union. Geological expeditions in search for oil penetrated 
into the remotest regions of the country from the extreme northern 


a points of Siberia, Kamchatka, mouth of the Lena River, Tamir, through 
- Central Siberia to the semidesert places of middle Asia and Turkestan. 
The number of such exploration expeditions increased from 168 in 1931 


to 330 in 1933, and at the same time these expeditions took on a more com- 
plex character; that is, each expedition was equipped and manned for 
performing topographical, geological, geophysical and drilling operations. 

Deep-hole wildcatting is widely applied. There were 1,051 wildcats 
drilled in 1932. 


Result of Geological Explorations 


As a result of the geological explorations in the Azneft region a com- 
plete geological map has been made of the Apsheron Peninsula drawn 
to a scale 1/25,000, showing the newly explored anticlinal folds of Kala, 
Zikh, Mardakyani, Gurgyani, Turkyani, Kara-Chukhur, Sulu-Tepe, 
Lok-Batan, Puta, Ker-Gez. In addition, the geological structure of the 
Kabristan plains has been studied and favorable formations have been 
found—Kyaniz-Dag, Gengi, Cheil-Akhtarma, Solokhaya, Kari-Dag and 
places on the Alat ridge—Pirsagat, Bandovan, Khidirli. A general study 
was made of the lowland of the Kura River and favorable structures 
were found in the region of Agikabul. 

In Georgia the explorations resulted in the uncovering of productive 
strata in the regions of Mirzaan and Shirak steppes. Favorable forma- 
tions were found in the regions of Mlashis-Khevi, Kila-Kupra, Taribani, 
Tulki-Tapa, Chatma, Pkhoveli, Gurgaani, Navtlug, Ildokani. In 
Guria the structures of Ompareti, Guliani, Sakupra, Notanebi, Norio 
were studied. 

In Turkmenia explorations were made in Neftedag, Boyadaga, 
Monzhykili, Sirtlali, Chikishlyari, Keimir and favorable structures were 
found in Mingishlak, with good indications of oil. 

In Middle Asia there were found 53 structures with a considerable 
showing of oil in the regions surrounding the Fergan Valley. On the 
basis of geophysical data the great value of the Fergan Valley itself 
has been established and explorations for favorable formations is con- 
templated in the near future. 

On the Kerch Peninsula 27 anticlines were studied and charted, the 
majority of which show signs of oil; nine folds were studied on the Taman 
Peninsula. In the western part of North Caucasus three folds in the 
region of Anop were studied and the structure of the following places was 


folds. Detailed sie fa Bie was ae iat 2 
of the Kholm, Ilsk, Kutais, Khadigin and Asph in} 

In the eastern section of North Caucasus the study of the follo 
places was followed out: Mineralovodsk region, Stavropolsk reg 
Kalmik steppes, the Zaterek valley and also of a great number of folds 
(Datikhask, Kabardin, Sungen, Molgabek, southern and north 
Voznesenki, Alkhazova, Eldarova, Goryachevodsk, Bragunsk, Gudermes, 
Benois, Nyatlinsk, Mutzidakal, Tushikli, Makhachkala, Izberbash, 
Achi-Sunsk, Kayakent, Dag-Ogni, Khotch-Menzil). In the region of | 
Emba there were discovered 350 salt domes. i | 

On the western slope of the Ural, deposits were uncovered in Ukhta, 
Chusovskie-Gorodki, Sterlitamak. The structure was studied at Sam-— 
arski Luki, Sok, Urezan, Cherche, Keirovki, Ozinbe, Jelti and elsewhere. 

The study of the Lake Baikal oil locations is being completed and a 
number of favorable structures and indications of oil were uncovered 
in Kamchatka in the region of Voyampolki, Tagil, Bogachev. Signs 
of liquid oil were found at the mouth of the Lena River on the Tamir 
Peninsula and on the Minusinsk steppes. On the island of Sakhalin 
signs of oil were discovered on the Schmitt Peninsula and the formation 
of favorable structures of Katangli, Garamai, Langeri, Ekhabi and 
Nutova, has been studied. 


Industrial Results of Prospecting 


In the Azneft region at Kala, Lok-Batan, Karachukhur, Puta, Kergez, 
Sulu-Tepe, Nefte-Chala and Naftalan drilling and peerreh ots started ~ 
immediately after the geological explorations. In the same region 
Pirsagot, Mardakyani and Zikh, having shown favorable structures, are 
being prepared for actual piecaniaed. Some of the areas mentioned are 
already celebrated; for example, at Lok-Batan, which was discovered in 
1932, five powerful gushers have been brought in. The total oil produced 
in this region in 1933 amounted to 646,300 metric tons. Of still greater 
significance is the Kala location, also discovered in 1932, the total output 
of which in 1933 reached 1.1 million metric tons. All the oil of these 
regions is from the so-called ‘‘ productive layer,’ the total thickness of 
which exceeds 1500 m. Located near well-known productive oil fields 
of old standing, they have an almost identical cross-section. The 
sand saturation of Lok-Batan is the greatest ever known in the world. 
In Georgia a counterpart of the productive horizon of the Apsheron 
Peninsula has been found—the so-called Shirak continental formation— 
with a normal thickness of 2500 m., of which so far 1600 m. have been 
explored, containing 23 oil-bearing horizons with an aggregate thickness of 
270 m. ‘Two locations, Mirsanni and Shirocki, have been transferred to 
the regular production class, as some of their wells have flush production 
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and show abundant evidence of gas. The rest of the fields of Georgia are 
being wildcatted. . 
- In Turkmenia exploration uncovered the region of Neftedag; the 


< output of the thirteenth gusher was 250,000 metric tons of oil in 16 days, 


proving that the sand saturation of the eastern shore of the Caspian Sea 


js not less than that of the productive strata of Apsheron. Abundant oil 
and gas seepages and mud volcanoes scattered on the huge expanse of 


the western shore of the Caspian justify the belief that this area will come 
to the fore in oil riches. 

Middle Asia so far has not given immediate productive results if we 
do not take into consideration the newly uncovered horizon K (lower 
Eocene), the enlarging of all the existing producing fields and the uncover- 
ing of Khanabad-Sai, proved so far by two producing wells. In the 
northern Caucasus the Molgabek region (Grozneft) was discovered and 
put in production, yielding three gushers with a daily production of 600 
metric tons, and four oil-bearing strata of great potentiality were found. 
In the region of the Stara-Grozny the north flank of the oil-bearing strata 
of that region was discovered in a sealed state. A vast area, in the 
Benoisk fold, with a length of 20 km. was discovered, with a gusher 
flowing at a daily rate of 400 metric tons. In the near future the regions 
of Isberbash and Achi-Sunsk, which showed satisfactory signs of oil, 
will be put in production. 

In the area of Maineft, oil was discovered in the Khadigensk region. 
Gushers were brought in from the Varenikov, Adagum, Kessler and 
Kudoko anticlines. : 

In the Emba region oil was discovered and operations started in 
South Iskin, Kos-Chagil, Shubar-Kuduk, Jakshilai, and Baichunas. 
Of these the first two yielded gushers of the order of 400 tons per day. 
In the Ural region, exclusive of the newly uncovered oil areas of Ukhta, 
Chusov-Gorodki, there were also found in 1932 rich new oil deposits in 
Sterlitamak (Ishimbaevo) in an area of 900 hectares with a number of 
ushers of 400 metric tons initial flow daily. 


New Prospecting Methods 


The geophysical method of prospecting came into extensive use in 
1926. The application of this method was connected with the difficulties 
of exploration in places covered by deep topsoil, which hides from the 
geologist the true structure of the horizons lying below. The geo- 
physical method used in U.S.8.R. differs from American practice in 
four respects: 

1. Extensive use of pendulum observations as the first stage of geo- 
physical exploration, which gives a clear picture of the distribution of 
heavy rock at great depths, and of any accumulations of sedi- 


mentary formations. 
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2. The application of varied geophysics : acento a 
This method makes it possible to obtain more quickly a true | ph ti 
subterranean cross-section. 

3. Wide use of electric logging in the drilling of all eit eee 
only reduces taking samples to a minimum, but also makes it possible 
judge the condition of the strata as regards the degree of oil or wa 
saturation, as well as salt concentration. 

4. The method of gas analysis as the only means that would indioade © 
directly the presence of gas and its composition, which in turn would — 
signify the presence or absence of oil in the ground. Itisouropinion that 
this method, for its simplicity and low cost, is far superior to any other 
known method. 

The extensive use of the geophysical method required the importation 
from abroad of the necessary apparatus. At the present time 85 per 
cent of the equipment is manufactured in U.S.S.R. 

The last few years were particularly successful ones in the Russian oil 
industry, for during that period a number of new, rich oil fields have been 
put into production. This success is largely due to the planned method 
of prospecting. The necessity of having sources of oil supply nearer to 
the country’s industrial centers, and the growing demand for oil from 
Siberia, have compelled more attention to the possibilities of increasing 
the output of the Ural and Emba regions. At present the areas of Emba 
and Sterlitamak are great oil-producing areas, among the richest oil 
reserves in the world. 

The success of our prospecting is due also to a large extent to the 
employment of the Complex method, by which all operations—geological 
explorations, geophysical investigations, shallow drilling and other work 
connected with prospecting—are carried out at the same time. This 
method makes it possible to save time and in the shortest time gives the 
answer to the question as to the value of a particular location. 


| 


EXPLOITATION OF THE Orn PooLs 


Planning is the fundamental principle in the exploitation of Soviet 
oil pools. The Government monopoly in the exploitation of the country’s 
oil pools, the absence of competition, the obliteration of frontiers between 
adjacent oil-producing areas, the doing away with private engineering 
and production secrets and the uniting of all geological exploration work 
under one management have helped to organize the oil industry as a whole 
and each of its separate units in accordance with one plan founded on the 
industrial-economie needs of the whole country and in accordance with 
the requirements of each particular section. The plan considers the 
whole petroleum industry, each of its producing fields, and each produc- 
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tive horizon of the field as one whole. Therefore, the exploitation of 


each pool is carried out in accordance with a system whereby the preserva- 


tion of the country’s natural reserves and the application of the most 


modern methods of operation are considerations of utmost importance. 
This system possesses great advantages; namely, (1) rational utilization 
of the inherent energy of each stratum; (2) elimination of the premature 
flooding of the strata; (3) the selection of a method of exploitation most 
suitable to the natural conditions of the given section, which leads to 
the reduction of drilling operations per unit of production, the reduction 
of capital investment, the increase of output and reduction of oper- 
ating costs. 

The question of choosing the most efficient methods of production 
has received the utmost attention in the Soviet Union. Along with the 
variety of methods for the drilling of one horizon, of which the hydraulic 
system introduced by I. M. Gubkin of the Academy in 1930 is of enormous 
practical value, there has been a wide application of the special system 
of wildcatting and production in oil-bearing layers of the vertical, so-called 
“snizuverkh” (from below upwards) system of Geologist M. V. Nikitin. 
By this system wells are first drilled to one of the lower horizons of the 
cross-section, the so-called “basic” horizon, and the succeeding wells 
are placed in the upper horizons while at the same time upon the exhaus- 
tion of the lower stratum it is possible to go over into production in the 
upper horizons which had been skipped. The system was applied with 
great effect in Bukhta (Bibi-Hibat) and is now applied in Surakhany, 
Kara-Kukhyr, in the Lenin fields and on the Island of Artem. 

In recent years each pool has been worked in accordance with an indi- 
vidual plan in which, on the basis of the geological findings, calculated 
reserves and planned annual production, the order in which horizons are to 
be opened, order and rate of drilling of each one, the number of wells, their 
design, system of drilling and production, the general economics and 
investments in the pool are laid out in advance. The working out of 
such plans is facilitated in the U.S.S.R. by the highly efficient methods for 
appraising petroliferous formations, and estimating subterranean supplies 
of oil mathematically and statistically. 

In the development of the Soviet oil industry, along with the achieve- 
ments of the Soviet specialists, not a small share was contributed by 
American scientists. We are particularly indebted to Prof Lanter 
and Dr. §. GC. Herold, who took active part in the discussion concerning 
the exploitation of oil beds at the last convention of the Union Scientific- 
Technical Society of Oil Engineers at Baku (August, 1933). The princi- 
ples of Dr. Herold concerning the three methods of appraising an oil 
pool were adopted by the convention and are serving now as a basis for 


the study of oil pools. 
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| Preceding nationalization the percussion madahsia of drilling was used 

g almost exclusively. Rotary drilling in Baku started on a very small 
scale in 1911-12. The early attempts to use rotary drilling in the oil, 
fields of Grozny in 1903-10 were unsuccessful. The growth of rotary — 
and turbo-drilling is shown in Table 7. Py? 


TasBLE 7.—Drilling Methods, U.S.S.R. " 


: Percentages of Use 
Method of Drilling : 
1923-24 | 1928-29 | 1931 | 1933 
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AVERAGE Drintuing Sperep (Mmrmrs) per Ric-MontTH In PRopucTION DRILLING 


1913 | 1923-24 | 1925-26 | 1928-29 | 1931 | 1932 | ~ 1933 


34.6 | 41.5 | 55.7 | 79.4 | 108.5 | 149.3 | 185 


The rate of drilling per rig-month is constantly growing. A consider- 
able number of wells are being drilled at an average speed of 300 to 400 m. 
and higher per rig-month. 

Drilling to a depth of 2000 to 2500 m. started in 1930. Deep drilling 
met with considerable difficulties caused among other things by cave-ins 
at 1500 to 2000 m. In many cases it was necessary to overcome many 
complications at one time: the inflow of hot water under a pressure of 
200 atmospheres, appearance of gases and caving. The deepest well in 
U.S.S.R. was drilled in 1932-33 by the rotary method in Dossor in the 
region of Ural Emba. The depth was 2840 meters. 
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Fig. 7.—O1bL-WELL DRILLING, U.S.S.R. 
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has been carried on with the view of perfecting the turbo-drill and elin m- 
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Fig. 8.—O1m-WELL DRILLING IN 1933, U.S.S.R. 


The results of such work performed in 1933 (including the design of a 
multistage turbo-drill) led us to believe that in the near future the turbo- 
drill will find application, not only in deep drilling, but in drilling wells 
of average depths up to 1000 meters. One of the aims of the second 
Five Year Plan is to have this tool perfected and to introduce its wide 


‘application. The following figures show the decided increase in speed of 


turbo drilling for the best wells completed: 

1927-28 1928-29 1929-30 1931 1932 1933 

Speed in turbo-drilling, meters per rig- 
MOONGHS cs: St er. CNS Seta eee 47 63 102 125 160 262 


Considerable attention has been paid during the last two years to the 
mud fluid. In this respect, the wide American experience was of great 
assistance to us. A number of tests were performed by the scientific 
institutes of the oil industry. Watching the quality of the mud fluid, 
observing the changes taking place in it, the organization of mud service 
and in many cases the organization of mud plants, were mandatory for all 
oil regions. The work performed during the last few years makes it 
possible to overcome the difficulties connected with deep-well drilling. 

Starting with 1929, great efforts were made to overcome the crooked 
holes resulting then from the rotary drilling. At the present time the 
overcoming of these defects does not present any difficulties. Consider- 
able help was rendered by the use of automatic feed of the bit, partic- 
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See 
ularly by the automatic drill developed by Professor Skvorzoff, which 
_ found wide application in the U.S.S.R. oil fields. In automatic drilling 
_ the deviation does not exceed 0.5° per 100 m., and in many cases is 


considerably less. In turbo-drilling of wells 1900 m. deep the deflection 


of the bit does not exceed 0.1° per 100 meters. 


In general there is a tendency at the present time to make the process 

of drilling more automatic. Work is being done to facilitate the control 
of drilling to replace manual operations by electric, pneumatic and hydrau- 
lic methods and to introduce distant control. Electrification made 
possible the introduction of the dispatcher system of group drilling con- 
trol from a centralized point, which facilitates the management and con- 
trol of drilling operations. 
A system of group operation control has been devised by Soviet 
Engineer Goroyan. Thecontrol is effected by a combination of measuring 
instruments and light signals, which record the state of various operations 
of drilling; i. e., lowering and lifting of the drill, rates of feed and pressure, 
specific gravity of the mud fluid, performance of the slush pump, etc. At 
present a dispatcher system is being installed in the Baku region of the 
Stalin group for directing the drilling operations of 25 wells. Plans are 
being developed for the actual control of the technological process 
of the drilling. Attempts are being made to introduce the principles 
of television. 

The facing of drilling tools with hard alloys in accordance with 
American practice was introduced in the Soviet Union in 1929 and has 
gained wide usage. At present the facing of all tools is being done with 
alloys of Soviet make: The Powder Vokar and the solid Pobedit. 

Rotary disk bits and cutters are used widely, particularly in turbo- 
drilling, as well as core drills, which are satisfactorily manufactured at 
present in U.S.S.R. 

In addition to the improved methods of securing samples by means 
of modern core drilling, electrologging, which speeds up the process of 
drilling, is also in wide use. 

On the basis of A.P.I. practice and the work done by the scientific 
research institutes of U.S.8.R. considerable headway was made in simpli- 
fying well construction and in improving the material used for casings. 

Improvements can also be recorded in ocean drilling on the shores of 


the Caspian Sea. 
PRODUCTION 
Following nationalization the methods of operation underwent drastic 
changes. The reconstruction period brought about the replacement of 
old, unsatisfactory methods (bailing, open gushers) by modern methods 
of exploitation (deep pumping, gas-lift, control of gushers) based on 
complete electrification of all oil fields. 
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In a number of oil fields with high gas bees ope g uC 
(Maikop, Kola, Surakhani). Various types of equipment for hig] 

sure gushers are being manufactured in Soviet plants. shih 

As a rule the gushers are operated through piping, the selectio 
which is done in accordance with methods developed by Soviet speciz ‘' 
The use of the gas-lift method of production is rapidly increasing and 
replacing the air-lift. The method of centralized gas distribution between | 
wells is used. The system of automatic gas distribution is being adopted. — 
The Saunders method is generally accepted. The design of displacement 
pumps was developed and is being introduced. The gas is drawn o 
and is used in gasoline production. However, the losses in gas have not 
as yet been completely eliminated. 

The establishing of modern and efficient methods of operation is 
still hindered by the inadequate supply of measuring apparatus. 

The majority of wells (up to 80 per cent) are equipped with the 
ordinary types of plunger pumps, but recently more modern types of 
equipment have been introduced. Long-stroke and low-speed pump- 
ing is being intensively introduced. Great importance is placed on 
group drives. 

The introduction of automatic operation from a central dispatcher’s 
point has taken place recently. At present a central point is being 
erected for the control of 60 wells in the Ordzonikidze group (Surakhani). 

The study and adoption of American methods and practice have been 
an important factor in the development of the U.S.S.R. methods of 
production. The Soviet engineer follows the development of American 
oil-production technique with intense interest, and tries to adapt to 
Soviet conditions the most promising innovations. 

Research work is carried on with a view to ascertaining the possibilities 
of secondary oil extraction. Preparatory plans have been drawn for 
reclaiming by means of gas and water the residuary oil in the strata. 
An experimental advance heading is being cut in Grozny with the view 
of studying the possibilities of mining operations, and plans have been 
worked out for an experimental mine in the upper strata of Old Grozny. 
During the last year, plans have been worked out whereby the oil remain- 
ing in the stratum was to be displaced by hot gases obtained by burning 
and partially evaporating part of the oil. This method extracts prac- 
tically all oil left in the stratum. This experiment is being carried out on 
a commercial scale at Maikop. 

The production problems outlined for the near future are: 

1. Complete automatic operation. 

2. Filling the required needs in measuring and controlling equipment 
for the purpose of raising the production to a greater efficiency, : 

3. Improving and enlarging the equipment for deep drilling. 
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Aiud Rerinine Inpustry 
The development of the refining industry in U.S.S.R. is proceeding in 


4 accordance with the growing domestic demands, the technical changes in 
_ the basic industries of the country, the change in the character of the 


- required finished oil products, the growth of crude-oil production and 


a 


_ the change in the quality of the raw material. 
_ constantly in the direction of abolishing the antiquated methods of 


This process proceeds 


refining, so characteristic of the prerevolutionary era. 
With the beginning of the reconstruction period efforts had to be 
concentrated on the refining of the ever-growing output of crude oil. 


_ In addition, the rebuilding of the refining industry proceeded along the 


lines of maximum output of gasoline-ligroin-kerosene-lubricant fractions; 
of increased variety of final products; of improved fractional and chemical 
characteristics by the employment of modern refinery and chemical 
methods (cracking) and equipment. , 

In the first Five Year Plan, particularly in the last three years, great 
progress was made in all phases of the refining industry. In 1932 methods 
that cut deeply into the crude oil were used for refining 95 per cent of 
the country’s output. In 1933 the percentage dropped to 86.3 per cent, 
owing to the lagging of production in the Grozny region. 

The continuous growth of the basic products of the refining industry 
is shown in Table 8. 


TaBLE 8.—Growth of Basic Products in Russia 


Product | 1913 | 1928-29 1930 1931 | 1932 1933 
frmeeane and ligtol,........,.--| oo | 11.2 | IL-7") 1364 7) 13.8") 13°9 
WWerosene ete, ed eb) 2129 P1978 $19.4 | 17.6 | 20.9 
ubricating oiseey: . ae. 5.9 3.4 3.0 3.3 3.4 6.1 
Darkaproducts tsisatackil. 22% CORT MIG 25», 6250. |e. 610 0p 1-82-15. 5033, 


The table shows clearly the growing intensity of refining and the 
increasing output of gasoline-ligroin and lubricating oils. This progress 
is particularly notable when the change in the character of the crude oilsis 
taken into consideration. During the period 1928-29 to 1932, a large 
quantity of heavy crudes was subjected to refining. As an example, the 
refining operations of the Azneft region may be cited, where the refining 
of oils of low gasoline-ligroin content grew from 3 per cent in 1928-29 to 
28 per cent in 1932. The rise in production of the basic products is 
shown in Table 9. 

The production of all oil products went up sharply. As compared 
with the pre-war period the production of gasoline-ligroin increased 
thirteenfold, kerosene 2.5 times and lubricating oils 3.3. Cracked gaso- 
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Product | 1913 925-20 | 1931 


Gasoline'and ligroin 72. 24 Pais. see 204 

Crackedigasoline?. tf. shiitn. sk ome efer ele : 
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7. 


line appeared in considerable quantities and in 1933 made up 25. 6 per 


cent of all the gasoline-ligroin fraction. During the course of the Pott ee of 


Five Year Plan alone the production of gasoline and kerosene doubled 
and lubricating oils tripled. In addition to the increase in production 


there was also a notable improvement in quality. 


In 1932 the quantity of straight-run heavy gasoline produced was 


760,000 metric tons, "in 1933 it was only 370,000 tons. The lowering 
of the end point from 200° to 175°-185° C. improved the quality of the 
product. The total yield of gasoline did not drop, because of the devel- 
opment of the cracking process. 

At the end of 1932 and during 1933 the end point for kerosene was 
lowered from 315°-340° C. to 290°-315° C. The yield of kerosene 
grew from 17.6 to 20.9 per cent, which was due entirely to the improve- 
ments in the technological process, the specialization of the plants accord- 
ing to the type of crude oil, reconstruction of the old equipment and the 
introduction of new modern tube stills. 

Great qualitative and quantitative advances also took place in the 
production of lubricating oils. In addition to the general increase of the 
output from 680 thousand metric tons in 1932 te 1127 thousand metric tons 
in 1933, there was also a considerable increase of lubricants of high quality. 
In one year the production of cylinder oils increased from 106 to 140 
thousand metric tons, motor oils from 218 to 400 thousand metric tons, 
bright-stock from 2.2 to 15 thousand metric tons, transformer oils from 
2.6 to 28 thousand metric tons, and turbine oils from 2.9 to 
5 thousand metric tons. The production of aviation lubricating oils 
increased 2.5 times. 

Along with the improvements in production, changes were taking 
place in the purification methods of lubricating oil. Contact filtration, 
which started in Baku on a large scale in 1933, strengthened the basis of 
foreign trade in lubricating oils. 

The production of paraffin wax in U.S.S.R. was started in 1926. 
The paraffin plant built (according to American practice) in Grozny 
was primarily meant to make the country independent of foreign paraffin 
imports. The plant was steadily enlarged to take care of the growing 
domestic demand and also for possible exports. Starting with an output 
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— of 5000 metric tons in 1926, Grozneft increased the production to 
_ 19,000 metric tons in 1933. It produced a high-quality white paraffin, 
suitable for exports, which is continually growing. The exports of 1933 
_ were double those of the first year. The improvements in equipment and 
_ methods of production introduced in the plant permit an estimate of 
production for 1934 of 35,000 metric tons. 

There was also organized the production of ashless petroleum coke, 
which found extensive use in the aluminum industry. 

During the first Five Year Plan a number of new byproduct industries 
were organized, producing ceresine, ozokerite, soap naphtha, greases and 
asphalt. All these products met with an increased demand throughout 
the country. Asphalt, in view of the growing road building program, 
acquired the position of a basic product. 

All of these advances are the result of the extensive building of new 
plants, reconstruction of the old ones, and the employment of modern 
methods and equipment selected in accordance with the best American 
practice and scientific research work in U.S.S.R. . 

The building of new refineries on a large scale started in 1928. Before 
that there was only the enlarging and improving of plants inherited from 
the prerevolutionary period; the construction of new plants was on a 
small scale and in accordance with the practice prevailing in the country 
at that time. Radical departure from the old methods and the building 
of plants on a large scale took place during the years 1928-1933. 

After nationalization new refineries were built with a total capacity 
of more than 20 million tons of crude oil. Of these, three were shell stills 
(with a total capacity of 1420 thousand metric tons), and two primitive 
tube stills (with a capacity of 410 thousand metric tons). They were 
constructed in 1928. The rest of the plants were built later. As a 
result of this construction period, the refining industry of U.S.S.R., in 
which there were practically no tube stills until 1928, produced 50 per 
cent of its output in 1933 in modern refineries. A complete picture of the 
new construction is given in Table 10. 

TasiE 10.—New Construction in Oil Industry, U.S.S.R. 


Put into Operation hos 1926 | 1927 | 1928 | 1929 | 1930 | 1931 | 1932 | 1933 

Number of shell stills..........6....0000 1 1 1 2 5 1 

Crude capacity, 1,000 tons................ 480] 720} 220) 1,240) 3,220 400 

Total capacity of all plants built, 1,000 tons} 480) 1,200 1,420] 2,660] 5,880) 5,880] 6,280) 6,280] 6,280 
Number of tube stills................-... 2 8) 9 6 3 1 
Crude capacity, 1,000 tons. . 410 2,160} 3,660} 3,050) 11,000 440 
Total capacity of all plants built, 1, 000 erat 410} 410) 2,570) 6,230] 9,280) 10,380) 10,820 
Number of cracking installations.......... 1 18 5 2 
Crude capacity, 1,000 tons.. 60} 1,850) 680 300 
Total capacity of all plants built, 1, 000 gone. 60] 1,910] 2,590) 2,590} 2,890 
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In addition to the enna installatio 
process of construction eight cracking plants 1 
and one in Khabarovsk. Their total capacity is estimated at 2r ‘millior 
per year. add doe 
From Table 10 the following conclusions can be Seeel (1) the 
intensive building of plants took place during the years 1928-32 a l, 
(2) this construction was carried out along the lines of increased plant 
capacity. The average yearly capacity grew from year to year. In 
1929 it was 270,000 tons; in 1930 it was 407,000 tons, and in 1931 it 
510,000 tons. In the year 1932-33 vacuum-tube stills were built and ~ 
their capacity was smaller. The same policy was carried out in regard > 
to cracking installations; in 1929 the average yearly capacity of an 
installation was 60,000 tons, in 1930 it was 103,000 tons, in 1931 it was. ? 
136,000, and in 1933 it was 150,000 tons. : 
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TECHNICAL CHANGES IN Process oF Direct DISTILLATION, Crackine 7 
AND PRropucTION oF LUBRICATING OILS 


The inherited, prerevolutionary, old and worn equipment required 
extensive repairs and process improvements in order to increase the 
production and to better the quality of the final products. . 

In 1925 rectifying towers were installed on the shell stills. This © 
made possible the increase of gasoline production. The drawing off of 
gasoline was done directly during the process of distillation. This 
eliminated the necessity for redistilling the large gasoline-kerosene 
fraction in vapor stills (vapor gasoline distillation) and also reduced the 
losses in production and lowered the cost. : 

A decided improvement in the process of distillation was made in 
Baku in 1927. On the basis of the laboratory materials and technical 
information gathered from other countries, Soviet engineers designed and 
built two tube stills. The first tube stills of Soviet construction had 
many defects, but possessed nevertheless many advantages as compared 
with the existing shell stills, in regard to their output of gasoline and 
other light products and also lower consumption of fuel, steam, electric 
power and water. The experience with the first tube stills decided 
the further course to pursue in the development of the refining industry. 
The first American tube still of the Graver type was constructed in Baku 
in 1929. Since then, during the years 1929 to 1932, there have been put 
in operation 13 American tube stills, purchased from Foster-Wheeler Co., 
Badger Co. and Alco. The installation of these stills solved the problem 
of increasing the percentage of light products. In Baku, where the 
quantity of gasoline from the shell stills had been 70 per cent of the poten- 
tial, the production of gasoline rapidly increased to 90 per cent. In 
siti the ‘percentage increased from 80 to 92-95 per cent. The 
quality of the ligroin and kerosene was also higher. 
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> - Baffle and bubble towers were introduced in the U.8.9.R. in 1929. 
eh The construction and operation of the modern type of tube still 
indicated in which direction the reconstruction of the shell stills should 
proceed. It was clear that these stills must be provided with the most 


efficient equipment in the form of bubble towers and heat exchangers. 


The first 12-shell still battery in Grozny was rebuilt with the assist- 
ance of the Winkler-Koch Co. The productivity of the installation went 


up 190 per cent. The gasoline yield increased from 80 to 90 per cent of 


the potential. The rebuilding of the rest of the shell stills in Grozny was 
accomplished by Soviet engineers. On the basis of the modern tube stills, 
most of the Baku refineries were reconstructed. 
As a result of the building of new plants and reconstruction of the old 
ones the basic system of straight-run distillation underwent a change. In 
1913 all the refining was done in batteries of shell stills; in 1928, 8 per cent 
of it was done in tube stills, in 1932, this went up to 47 per cent and in 1933 
it was 52 per cent. It should be emphasized once more that the produc- 
tion and efficiency of the old installations has increased considerably. 

Up to 1931 the production of lubricating oils was on a very low level. 
It was confined exclusively to distillation of fuel oils in shell stills. The 
treating of the lubricating oil distillates was accomplished in batch mixers 
with sulfuric acid. In 1931 there was a change to American high-vacuum 
tube stills (Badger, Foster, Aleo) and to Soviet stills of the Pengi-Guro- 
vitch type. A plant of the Max Miller type was also built for the produc- 
tion of bright stock. 

As a result of all this construction, the entire system of production 
of lubricating oils underwent a decided change. However, the major 
portion of the shell stills for lubricating oils were reconstructed and their 


Taste 11.—Refining of Lubricating Oils from Fuel Oils, USS.R. 


[isi Sea nnn 
| 1913 | 1928 | 1932 | 1933 
Total quantity of fuel oil refined, 1000 tons........ 1130 | 1240 | 2675 | 3227 
In shell stills, per cent...... 6.2... - eset eee e eee 100 100 58 44 
In tube stills, per cent.........----. see eee eeee 42 56 


present efficiency is much higher than before. The reconstruction 
proceeded mainly in the direction of equipping them with head tube stills, 
for the purpose of feeding the shell stills with preheated fuel oil. This 
method increases the output of the installation and improves the fraction- 
ating of the lubricating oils. Also a new method of distillation was used, 
based on the Stratford principle with the recirculation of the fuel oil in the 
still (plant No. 6in Baku). This method considerably raised the output 
of the shell stills and improved the quality of the final product. It is 
planned, during the second Five Year Plan, to continue the construction of 
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high-vacuum tube stills and to use some ney 
methods, redistillation). ny wipe 
The reconstruction of the refining Pa se was. acco 
improvements in the technical and economical performance | of the plan 
In addition to the improvement in the quality of the final product 
more efficient utilization of the raw material, there was also 
organization of labor and lower costs of production in the largest 
In Azneft the cost of production of gasoline dropped 16 per cent d a |i 
the period 1928-1933; kerosene, 20 per cent; machine oil, 46 per cent anc ie 4 
motor oils, 39 per cent. ‘ eee | 
_ The main factors in lowering the production costs were the decrease _ 
of production losses, reduction in fuel and steam consumption, lowering 
of labor costs (by increased productivity of labor) and decrease of rate of 
amortization per unit of production (by higher efficiency of plants), 


>» 
U 
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TRANSPORTATION AND STORAGE 
Transportation occupies an important place in the petroleum industry | 
everywhere. It is of vital importance in U.S.S.R., where at present the 
main oil resources of Baku and Grozny are far from the main centers of _ 
consumption of the oil products. f 
The progress in production and refining, the change i in the character 
of the domestic market, the increase in export—all these factors brought 
about an acute need for better transportation and storage facilities. The 
new conditions dictated also the necessity for new coordination of the 
railroad, water and pipe line types of transportation, as the prerevolu- 
_ tionary means of transportation were inadequate and technically inefi- _ 
cient. The problems of oil transportation were solved to a great extent in 
the period 1928-1933. The country’s new planned transportation system 
includes the increasing of the carrying capacity of the old lines and the 
adding of new means of transportation, railroad, water and pipe lines. 
This was made necessary by the increased demands of the domestic 
market and exports. The increased use of the various forms of trans- 
portation and their relative importance are shown in Table 12. 


TABLE 12.—Transportation of Oil, U.S.S.R. 


Thousands of Tons 


i ee ee ee 


Type of Transportation | 1913 | 1928 1929 1930 1931 1932 | 19332 
Rail.. teseseeseseeess | 5,800) 8,720} 10,216 | 13,197 | 15,069 | 17,000 | 16,900 
Sea trenspontieeaa between 

Soviet portent an a eee 5,264| 5,392) 6,049} 7,896] 8,952] 9,910 10,008 
Inland waterways.......... 5,384) 4,933) 5,341 | 5,379| 7,560] 7,080| 6,395 
Pipe lines\, i. scien. vee 370} 825) 1,548] 2,817] 3,293 4,350} 5,400 


* The figures for 1933 are estimated. * Sea transportation does not include export, 


<i _ THE PETROLEUM INDUSTRY OF THE U.S.8.R. 433 


Table 12 clearly shows the decided changes in the means of transporta- 

: _ tion. In 1913 the transport by pipe lines amounted only to the insignif- 
icant figure of 370,000 tons, the total length of the trunk lines was 
1242 km. In 1983 the total length of lines increased by 2000 km. and 
the total throughput was 14.5 times that of 1913, comprising 14 per cent 


of the total quantity of oil products transported. 
The character of the oil transportation underwent a change in the 


4 years 1928-1933 also. Transportation by inland waterways dropped 


from 24.8 to 16.5 per cent with the corresponding increase of the through- 


put of the pipe lines from 4.1 to 14.0 per cent. The percentage of rail 


and sea transportation remain almost constant: By rail, 43.9 per cent in 
1928 and 43.7 per cent in 1933; by sea, 27.2 per cent in 1928 and 25.8 per 
cent in 1933. The absolute increase in rail transportation was due to the 
increased domestic consumption of light products and to increased 
delivery of oil products to remote regions, particularly to the eastern 
sections of the country, where the development of big industrial and 
agricultural enterprises was taking place. The failure of the Volga to 
fulfil its assigned share of transportation placed additional burdens on 
the railroads. 

Mainly for that reason, the transportation of oil products grew to a 


‘larger share in the general railroad transportation of the U.S.S.R., from 


6.8 per cent in 1928 to 8.9 per cent in 1933. A considerable contributing 
factor was the increase of the average distance of transportation of the oil 
products. The creation of new consuming centers increased this index 
from 748 km. in 1928-29 to 935 km. in 1933. 

The sharp increase in rail transportation caused a corresponding need 
of building additional rolling stock and of wide improvement in the rail- 
road system. The most important step taken in this direction was the 
building of a large quantity of eight-wheel railroad tank cars with a 
capacity of 45 to 50 metric tons instead of the commonly used four-wheel 
tank cars with a capacity of 15 to 25 tons each. Considerable improve- 
ments resulted also from the improved method of loading and unloading 
tank cars and from better routing (direct full train-load shipments to far 
points—Moscow, Leningrad and others). Because of the improved 
devices for filling and emptying tank cars the average time for such 
operations was reduced in 1932 to 4 hr., as against 7 br. in 1931. To 
the stock of tank cars were added new types, equipped with heating 
devices for the transportation of viscous products and hermetically tight 
for volatile products. 

The building of large tankers, both seagoing and for inland water- 
ways, increased the transportation on the Black Sea fivefold as compared 
with 1928, and provided a commercial fleet for almost the entire U.S.S.R. 


coasting trade. 


Voanikor’ y ree aeras auaear ’ of 10, 000 tons each; 
9600 tons; ‘‘Soyus Gornorabochikh,” 9800 tons, and “M 
8500 tons. 

The Caspian Sea oil fleet consists at Sedeaity of 66 vessels withts 
capacity of 130,000 tons. During the years 1928-33 six new vessels 
oil-burning engines, each with a capacity of 7500 tons, were launched. 
These vessels have a draft of 22 to 23 ft. and a speed of 11 to 12 miles er 
hour, as compared with 8 to 9-mile speed of the old vessels. The r 
ships make 50 voyages and transport from 350 to 375 thousand tons of oi ' 
products per season. S : 

The total length of the trunk pipe lines in 1913 was 1242 km. Of 
these the most important was the 8-in. kerosene pipe line between Baku | 
and Batoum (883 km.). It was used only to 35 to 40 per cent of its 
capacity, because of the falling exports of kerosene. The rest of the lines, 
Grozny-Makhatch-Kala (161 km.), Maikop-Krasnodar (108 km.), and _ 
Emba-Kakush (90 km.), were of minor importance. The throughput of 
all these lines amounted, as mentioned before, to the insignificant figure 4 : 
of 370,000 tons. 

The laying of pipe lines in U.S.S.R. started in 1927 with the construc- — 
tion of the Grozny-Touapse (618 km.) and Baku-Batoum (822 km.) lines. 
The first line was completed and put in operation at the end of 1928. The 
second, at the end of 1929. The old kerosene pipe line was used for 
pumping crude oil. The two Baku pipe lines deliver yearly to the refinery 
plants in Batoum 2,500,000 tons of crude. 

In 1930 the Grozny-Touapse pipe line, with a throughput capacity 
of 1,000,000 tons of crude, was enlarged to a capacity of 1,650,000 tons 
by constructing four additional stations and by laying 27 km. of parallel 
piping. In addition, 8 km. of piping was laid to include 330,000 tons of 
Maikop crude in the flow. 

For the purpose of taking care of the needs of the basic agricultural 
regions of U.S.S.R., a 12-in. pipe line 418 km. long was laid between 
Armavir and Trudovaia in April, 1932, for pumping oil products. The 
construction of this line took only one year. Itwas designed to distribute 
part of its load (tractor fuel) on the way and therefore its throughput is 
not uniform. As far as Rostov, the throughput is 1,650,000 tons 
(kerosene) and to Trudovaia, 1,300,000 tons. 

It is planned to connect by pipe line Grozny and Armavir (395 km.) 
in the near future. 

In March, 1932, the construction of a 12-in. pipe line, Guriev-Orsk 
(707 km.), for the purpose of pumping Emba crude, was begun. By the 
beginning of this year 278 km. of piping had been laid out and 250 km. 
welded. Two stations had been completed. The work is being carried 


oS en aa a 


S, ‘eapacity i in the beginning of 1936. 
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i te SRA in hes beginning of 1935 and aoethar of 1,500,000 tons 


A small pipe line was constructed on Sakhalin Island (32 km.). 
Modern methods of construction were employed in the building of all 


a pipe lines. Electric welding was first applied in 1927 in the Grozny- 
_ Touapse pipeline. In the building of the Guriev-Orsk pipe line the weld- 
ing was divided equally between gas and electric methods. 


At present there is in the petroleum industry of U.S.S.R. a well 
established organization, ‘‘Nefteprovodstroi,’’ equipped for modern 
pipe line building. 

In the years 1928-32 the number of storage centers of the Soyuznefte- 


_ torg increased from 836 to 1086, or 30 per cent. This growth was the 


result of the increasing turnover in oil products. The increase in the , 
number of storage centers was accompanied by the enlarging of their 
capacity. On Jan. 1, 1928, the storage capacity of Soyuzneftetorg was 
4,793,000 tons (water) and on Jan. 1, 1933, the same comprised 6,489,000 
tons, an increase of 35 per cent. Characteristic of the intensive develop- 
ment of storage facilities during that period is the building of storage 
places in outlying regions of the country (Kazakstan, Middle Asia 
and others). 

Extensive work was done in consolidating the storage facilities and in 
uniting the separate small units. The pumping facilities and the power- 
generating plants were increased, resulting in more frequent turnover of 
the storage capacity. If we should compare the growth of the oil 
products delivered to the domestic markets with the growth of the storage 
facilities, we should find the first curve much higher than the second, 
which proves that part of the increased consumption of the oil products 
was taken care of by the increased efficiency of the old storage system. 

It is of interest also to point out the work done in replacing the heating 
coils in reservoirs by a special heating arrangement, which resulted in a 
great saving in fuel (2 to 3 times) and metal (90 per cent). 


MANUFACTURE OF MacHINERY EQUIPMENT FOR PETROLEUM INDUSTRY 


In carrying out the technical reconstruction of all branches of the 
industry, in adapting the best American technique and creating its own 
designs, the U.S.S.R. was confronted with the necessity for organizing 
powerful plants for the production of machinery and equipment for the 
petroleum industry. 

The building of oil machinery started in 1923 in the shops of Sormovo, 
Kalumni and Briansk plants. During the first years the work was 
carried out on a small scale and mostly for supplying the oil fields with 


minor items of equipment. The impor 
for drilling and production came from abroa 

Large production of oil equipment started in 1928-5 
the beginning of the first Five Year Plan. In that year the to t 
of machinery was valued at 9,260,000 nies In 1929 the machi 


machinery) and enlarged. During the ast far years, ees ahaa W 
built for the production of equipment for oil refineries. A number 0 
shops in pipe plants were assigned to the manufacture of supplies needed 
to meet the growing demand of the oil industry. ae 

In 1928-29 the restriction of importation of oil field equipment — 
started, because of increased Soviet production. ne 


TaBLE 13.—Production and Import of Oil Field Equipment 


| 1930 | 1931 | 1932 | 1933 


Produced in U.S.S.R., 1,000 roubles............... 14,083 | 17,661 | 19,133 27,000. 
Imports, 1000\ rowblestenee oy cna: eee ee 5,200 | 4,500 640 300 
Import in relation to total, per cent.............. 26.9} 19.4 3.2 ilies 


During the years 1929-1933 the Soviet machine-building industry 
familiarized itself with almost the entire oil-field equipment and 
machinery used in the U.S.A. It mastered the production of more than 
100 types of equipment previously imported from abroad. Of these 
the main items are: four-speed hoists with corresponding rotors for 
rotary drilling; closed-type rotors; crown blocks 130T.; swivels 130T; 
pulley crowns 130T; lifting hooks 130T; cementing units; roller drills and 
bits; slush pumps (744 by 16 for pressures up to 100 atmospheres); 
two-motor reductors; blow out ‘“‘preventers’”; high-pressure gusher 
equipment; gas-lift compressors with a capacity of 13 cu. m. at 
45 atm. pressure. 

The production of special oil engines of 210 hp. and of thioelbh nee 
440-volt, 225-hp. electric motors is planned for 1934. 

The owt of pipe manufacture for drilling, production and trans- 
portation purposes deserves particular attention. By 1933 the Soviet 
plants were in a position to manufacture the complete assortment of 
pipes used in the oil industry (except pipes for cracking and tube stills). 
However, the pipe plants in U.S.S.R. do not fully meet all the needs of 
the oil industry. The U.S.S.R. oil industry requires large quantities of 
piping of high quality; these requirements have been particularly large 
during the last years, because of the necessity of solving the deep-drilling 
problems, the increase in drilling meterage and the growth of production. 
Large demands for piping are also made by the refinery industry and by 
the pipe lines. It is necessary, therefore, to import some pipe from 
abroad. Table 14 shows how the demand for pipe was met (in tons). 
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, TABLE 14.—Production and Import of Pipe for Pipe Lines, U.S.S.R. 


> | - 1930 | 1931 | 1932 | 1933 
Domestic prodiuchiom, tONSten. Mts sce. see 78,700 | 111,200] 86,600 | 103,200 
Re Prayers, SOURS ot ce fie. yee re ine neo 5,900 | 24,200] 5,300 | 18,900 

Imports in relation to total, per cent........ 6.9 17.8 6.1 15.4 


Up to 1930 the building of new refineries depended almost entirely 


- onimported materials. The cracking plants of Vickers, Jenkins, Winkler- 


Koch; the tube stills of Pinch, Borman, Wilke, Foster, Badger, Alco and 
Graver were imported almost in their entirety, including the small- 


_ est details. 


The production of the basic equipment for cracking plants and tube 
stills in U.S:S.R. started in 1930. During the years 1930-33 there was 
manufactured equipment for 17 cracking plants, three tube stills, etc. 
at a total cost of 20 million roubles. : 

The planned production of equipment for 1934 amounts to 18 mil- 
lion roubles. 

At the present time the Soviet machine-building industry isin position . 
to furnish the apparatus and structures for the following installations: 


racking plants, atmosphere-vacuum tube stills, vacuum tube stills, 


tube stills for recycle distillation in cracking, plants for continuous treat- 
ing of gasoline and kerosene, carbon-black plants and gas-absorp- 
tion plants. 

In 1934 there will begin the standardized production of: vapor- 
distillate heat exchangers for cracking plants, recuperators for cracking 
plants, return bends for cracking and tube-still units, high-pressure 
accessories for them and measuring and control apparatus. 

With the Soviet plants manufacturing apparatus and equipment for . 
refineries, the import of these items took a decided drop. Taking 1930 
import figures as 100 per cent (10,800,000 roubles), the imports of the 
following years were: 


YEAR Per CENT RovusLeEs 

1931 63.9 6,900,000 
1932 19.4 2,100,000 
1933 9.2 1,000,000 


The machine building for the oil industry during the second Five-Year 
Plan faces a number of new problems, in connection with the development 
of new types of equipment for closed drilling. 

In tube-rolling mills it is necessary to arrange for mass production of 
piping for cracking and tube-still installations. For refinery plants it is 
necessary to organize the manufacture of the apparatus for vapor-phase 
cracking, reforming installations, paraffin and lubricating oil treating 
plants (filter presses, crystallizers, mixers, etc.). 


vo ae 


_ and on increased efficiency of labor. 


different (as Ba ttt arn other esetvorny soc 
class in the U.S.S.R. Their attitude toward the mean 6 
and the whole economy, as to something belonging to themse! 
consciousness of the fact that they work exclusively for themselves 
their state caused an unheard of enthusiasm, brought to life new 
labor, socialist competition and shock work, and made labor in the So 
land a thing of honor, valor and heroism. vel 
Labor is looked upon in U.S.S.R. as the main productive Prete: 
society and therefore to the problems of labor are given utmost attention 
along with the problem of creating a material-technical basis fe for 
socialist construction. oa 
In this respect the policy of the Soviet Government is ‘oman 
systematic improvement of the material well-being of the noeeee 
basing these improvements on the technical reconstruction of the country — t 


During the first Five Year Plan the main steps taken in the direction * 
of improving the material position of the worker were the gradual intro- — 
duction in the oil industry of the seven-hour day with increased wages _ 
and complete elimination of unemployment. 

The growth in production and refining necessitated the employment 
of a considerably larger number of workers and specialists, though the _ 
rate of increase of labor in this industry was less than the rate of increase 
of production. . This is due to technical advances and to the increased 
efficiency of labor. 


TaBLE 15.—Number of Workers in the Oil Industry, U.S.S.R. 


1928-29 | 1932, | 1933 
Number of workers: ctacicot votoeue a peed ce ene eee 63,443 | 98,941 | 98,796 
Percentage of 1928-29 total labor................... 100 156 155.9 
Growth of drilling, 1;000 meters. ..3..-002...0. 000. 446 743 838 
Percentage of 1928-29 drilling... ...0.<).....05s-ts5 100 166.6 188.0 
Increase in production, 1000 tons.............+..---- VSG 21.3 21.5 
Percentage of 1928-29 production................... 100 155.5 157.0 
Production of light products and lubricating oils, 1,000 
110) 01 aa rie PM Ty nD MESS wh I i Lene y Yell Aa 2 3,895 7,385 7,644 
Percentage of 1928-29 production.....:............. 100 189 196.5 


a a eee eee 


As mentioned before the quality of the final products was greatly 
improved at the same time. 

The introduction of modern equipment created the problem of 
mastering its operation, which necessitated raising the standard of the 


cations of the workers, and increased the importance of the engi- 
s and technicians and of the trained groups. In order to solve this 
lem there were organized advanced technical schools, technical 
gh schools and training schools. Efforts were also made to raise the 
- qualifications of all the workers by technical instruction (various schools 
_ for advancing the qualifications of the workers, special lectures, popular 
_ technical literature, etc.). 

: : As a result of these efforts, the work of the specialists became more 
_ productive and there was also an increase of the number of skilled workers 
_ from the ranks of unskilled labor, accompanied by a general rise of the 

technical and cultural levels of all the workers. 


TABLE 16.—Change of Complex of Workers in Oil Industry, U.S.S.R. 


Year Workers Specialists Clerical 
1928-29 52,915 4,500 6,028 
1932 78,649 9,313 10,979 


1933 75,562 9,950 9,384 


Table 16 shows that while the number of workers increased from 
1928-29 to 1933 by 50 per cent, the number of specialists increased at 
the same time 121.1 per cent, with the result that their percentage in 
relation to the workers increased from 8.5 per cent in 1928-29 to 11.8 per 
cent in 1932, and to 12.5 per cent in 1933. 

There was also an increase in skilled workers in relation to the total 
number of workers. In Azneft the percentage grew from 28.8 in 1928 to 
36.4 in 1933, while the total number of skilled workers increased 1.5 times. 

Placing great importance on the increase of labor efficiency in all 
branches of the country’s economy, the U.S.S.R. is reconstructing its 
technical foundation and directing its efforts toward the mechanization 
of large labor-consuming processes and such organizations of production 
as rapidly increase the efficiency of labor. 

Six basic conditions govern the planning and organizing of labor in 
all branches of the economy, laid down by J. V. Stalin at the convention 
; of heads of industries in 1921: 

1. Elimination of unemployment and decided improvement of living 

-_ gonditions of the peasant in connection with the collectivization of 
agriculture require that the hiring of labor should be organized in conformity 
with agreements with collective farms and that work should be mechanized. 

2. The immense scale of production and the use of complicated 
machinery require elimination of high labor turnover by means of adequate 
arrangement of the wage scale, which should stimulate the increase of 

efficiency of labor and enhance its qualifications, and improvement of 
\ the living conditions of the workers. 
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tion of the prea pe to pecan ie 00 
responsibility for its share of production. if , aged 
4. The rapid growth of industry in all parts of hod ‘ 
that the working class of U.S.S.R. should possess its own. bt 

engineering forces. 

5. The favorable change in the attitude of the engineer iar the ‘alee 
toward the Soviet Government, caused by the success of the so 
construction, merits also a change in the attitude of the Soviet work e 
toward these engineers, paying more attention to them and to their need 
a less hesitating policy in allowing them to participate in our work. 

6. The problem of increasing the accumulation of reserves in indus- 
tries of the country for further reconstruction of the economy requires the a 
mobilization of the country’s resources, adoption of and adherence ea 
system of economic operation for all enterprises. fi 

During the first Five Year Plan there was a decided Se ae in| 
the cultural and material conditions of the workers in the oil industry. — 
We have pointed out before the seven-hour day with increased wages. In 
addition to that, housing of the workers has improved decidédly. In the q 
oil regions (Balen: Grozny, Touapse, Maikop, Emba and others) socialist — 
towns and workers’ villages were built, having excellent, well arranged — 
houses. Such are the villages Mantin and Rasin (Baku), the villages of © 
the Nov-Grozny region, the villages in the neighborhood of the refineries 
of Touapse and others. 

In order that these accomplishments may be rightly appraised, it is 
necessary to point out that the housing conditions of the oil workers of — 
prerevolutionary Russia were extremely poor. 

In addition to house building, workers’ clubhouses, palaces of culture, 
dining rooms, factory kitchens, hospitals, ete., were built. 

There was also a decided improvement in ways of communication. 
Street. cars, electric and horse-drawn, railroads, buses and the build- 
ing of improved paved roads connected the oil fields with the villages. 
Toward the same end is directed the introduction in the oil industry of a 
system of wages that raises the efficiency of the workers and their qualifi- 
cations. In the oil field, the piece-work and bonus system is used and 
in the refinery industry the piecework progressive scale is mostly used. 

The compensation of skilled labor is considerably higher than that 
of unskilled, in accordance with the seven-category wage schedule by — 
which the ratio of compensation of class 1 to class 7 is 1:3.1. 

The organization of cost-accounting units, the system of work orders 
for each shift of workers and specialists, the elimination of the func- 
tional system of management, do away with the anonymity of the 


worker and create a responsibility in each worker for the job entrusted 
to him. 
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‘The graduates of the three oil colleges (Moscow, Grozny and Baku) 


y that fill yearly the ranks of the young specialists and also the favorable 
_ attitude toward the old-time specialist serve to provide the industry with 
a skilled, reliable, technical management. 


And, finally, the institution of cost accounting in all the links of the 


; industry, from the general management to each workers’ brigade, lead 
_ to economical operation and to the creation of reserves. 


The plans for the second Five Year Plan call for a still higher rate 


B af growth of the oil industry and for further advances in its technical 


foundation. 
This requires still greater mastery of the new technique of oil fields 
and refineries. The problem is closely connected with the plans for 


increased efficiency of labor and reduced cost of production. The ful- 
_ filment of these plans requires the preparation of new trained cadres of 


workers and specialists and a systematic rise in their qualifications. 
We must devote attention also to the organization of labor and the 
betterment of the material well-being of the workers of the oil industry, 


_ together with the general advancement of the economy of the U.S.S.R. 


ScIENTIFIC RESEARCH WoRK 


The reconstruction of the foundation on which the oil industry rests, 
which proceeded at such rapid pace, and which accounts for the qualita- 
tive and quantitative accomplishments, would have been impossible 
without scientific research work on a large scale and without stimulating 
the inventive genius of the practical workers in the industry. 

At present there are in the petroleum industry of the U.S.S.R. four 
scientific research institutes and scores of large plant and oil-field labora- 
tories, which are closely connected in their work with the oil production. 
Of the four institutes three (State Institute for Oil Research in Moscow, 
Grozny and Azerbaidjan Institutes) are of a complex nature and cover 
the research work in the various problems of oil-field and plant construc- 


tion, in the chemistry of oil, in pipe line application, and so forth. The 


fourth institute (Geological Exploration Institute of Moscow) specializes 
in geology and oil prospecting. 

There is no overlapping of work in the institutes and plant laboratories 
because of the centralized direction of their programs and the absence 
of trade secrets, making it possible for the discoveries in any one of the 
institutes and laboratories to be made known to all the scientific research 
organizations of the industry. 

As a consequence of such a policy in directing the scientific research 
work of the country, and of the importance placed on such work in 
U.S.S.R., it was made possible not only to utilize the experience and 
iowicdge of foreign technique but to apply, in growing numbers, the 
designs of the Union’s own specialists. 


pein aha ease , gen Ha of Le so ! 
Skvorzov, the cracking systems of Shukhov-Ka Om Likox 
and others. ase : 

The year 1933 was particularly productive in sabe dilive research vork 
which is due to the fact that the young scientific research organizati 
established a few years after the nationalization, grew up to the | 
of being able to solve large theoretical and practical problems. 

In the sphere of geological exploration there was introduced, in a 
tion to the further study of method of application and improvem«s 
of the geophysical apparatus, electrical logging and electroexplor 
a new method of gas exploration, which consists in sampling and ana 
ing the air over the ground being surveyed. The application of “ 
method in the oil fields of Kala, in the Baku region, gave splendid resul 8, : 
having confirmed the presence of exudation of oil gases through 1 
whole depth of the cap soil covering the oil strata, and the possibility 
using the gas method for securing direct and reliable information ae a: 
the presence or absence of gas and oil in the ground. tk 

Of the purely scientific research particular attention should be draw 
to the work in microbiology of oil, which represents a great contribaaea 
to the science of the genesis of oil. 

Considerable experimental work was carried out in the field of pro 
- duction and drilling. Of particular importance to the further develop-— 
ment of the Soviet oil industry is considered the work of redesigning — 
the Kapeliushnikov turbo-drill, being done by the State Institute of 
Oil Research. 

The redesign is based on the idea of distributing the total pressure — 
of the mud fluid among the stages of a multistage turbine. The rede- — 
signed drill possesses much higher mechanical efficiency and doubled 
power, while having the same general dimensions. The multistage 
turbines tend also to eliminate the shortcomings of the present design; 
namely, the quick wearing of the blades due to their very high speed. — 
The tests that are being carried out with new turbo-drills show gratifying — 
results. On the basis of this success it is planned to use the method of — 
turbo-drilling in the first line of very deep drilling. The Azerbaidjan — 
Institute for Oil Research has completed a number of experimental tests — 
with various alloys for tool facing and with the methods of their applica- — 
tion. This work has already produced great practical results. Lately 
there are being carried out on a large scale experiments with the dispatcher — 
system of drilling control. 

A great deal of attention is devoted also to the improvement of | 
production methods with a view toward planned exploitation of all oil- 
bearing strata on the basis of the latest scientific achievements. 


'TROLEUM IN i Srey OF a HE i U 1.8.8 8.R 


we 


__In the sw mme er of 1933 oe was a Vodeetine of the All-Union 


Of ae. erent is the work sale by the State Institute for © 
_ Oil Research, tending to ascertain the possibilities of secondary oil extrac- 
tion by means of evaporation and gasification. Experiments on a com- 
- mercial scale will be carried out in Maikop oil fields in the spring of 1934, 
whieh will show the possibilities of the method and scale of practical 
_ application. The laboratory experiments gave splendid results, which 
justify expectations of the possibility of practical application of the 
_ method and its successful performance in the field. 

In the province of refining and utilization of oil, research work is 
_ carried on in all three complex institutes. There an intensive study 
of the chemical and fractional properties of oil is going on. 

On the basis of these researches constructional and technological 
improvements are being introduced in gasoline, kerosene and lubricating- 
_ oil production and a whole series of new products is being developed. 

Of utmost interest is the work directed toward the creation of systems 

of vapor and liquid-phase cracking and toward the hydrogenation of 

_ crude oils by means of various catalysts carried out in experimental 

- continuous-process installations, which greatly contributed to the reduc- 

tion of process pressures and temperatures. Considerable work was 

done in research of methods of treatment of the various oil products, of 

which the process of treating gasoline by means of solid chlorinated zinc 

~ deserves special mention, as also the preliminary alkaline treatment of 

crude oils already employed in some of the plants. A large amount of 

interesting research work is being conducted in the chemistry and tech- 

nology of crude oil. The Grozny Institute was successfully conducting 

research in synthetic oils. The large demand for higher types of fuel, 

created by autotransportation and tractors placed before the scientific 
research institutes the problem of standardizing the oil products. 

In connection with the recent success in building diesel engines, 

the State Institute for Oil Research is carrying on experiments for ascer- 

- taining the most suitable type of fuel and the methods of production 

of the latter. The institutes are also occupied with the problems of 

transportation, storage and distribution of the oil products with the 

view toward reconstruction of all these branches of the oil industry. 

d It is characteristic of all these research institutes, which are actively 

supported by the government and the people, that their work is acquiring 

greater scientific value and import, recognized not only in U.S.S.R. but 

also abroad. Of great importance is the work performed during the 

last few years, particularly in 1933, 
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science with industrial practice resulted in pro 
work and its quick absorbtion by the industry. 


CoNCLUSION 


Having discovered a number of new rich oil eee an re 
equipped with knowledge of modern industrial methods and const: 
improving the organization of its labor, the petroleum indust: 
USS. R. has entered a new phase of high-speed wpb: 


4. ae 


(including gas) must reach 47 million tons. This will be accompli k 
by extensive exploitation of the petroliferous lands, by flexible and rapid | 
development of new reserves and by intensive use of new methods i in 
further geological explorations. The process of refining must cut deeper 
into the crude oil and the higher utilization of high-quality crude oils by 
chemical methods must find wider application. For this purpose it 
is planned to build in different sections of the Soviet Union 16 new. . 
modern tube stills, 93 cracking units and many other types of equip- — 
ment, adapted to the new methods of production. It is also planned — 
to build 4000 km. of pipe lines for the transportation of crude and finished — 
oil products. All this is required to satisfy the demand of the country 
which in 1937 alone will build 200,000 automobiles and 167,000 trac- — 
tors, and which will have constructed during the Five Year Plan 210,000 — 
km. of improved and paved roads, and have increased the total length — 
of air lines 120,000 kilometers. 
It is understood that the fulfilment of these plans is closely interwoven — 
with the mastering of the newest technique in oil production, with the — 
consequent improvement of the quality of the oil products, with higher 
efficiency of labor, and with the lowering of production costs of crude — 
and finished products. The first line of attack is the problem of deep 
and super-deep drilling. ‘This problem must be completely solved during 
the second Five Year Plan on the basis of Soviet and American methods. _ 
As in the past, a great many problems will have to be solved by — 
utilizing the broad American experience. But native scientific research, — 
inventive and designing abilities will have to play an increasingly impor- _ 
tant part. In connection with this there is a greater necessity for 
equipping our whole system of scientific research institutions with large — 
laboratories and plant models and with a highly qualified corps of workers. 
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Petroleum Development in Venezuela in 1933 


a By F. Hutsmermr,* Maracaro, VENEZUELA 


(New York Meeting, February, 1934) 


THE increase in drilling activities in Venezuela noted during the 


latter half of 1932 continued, and 132 wells were completed in 1933 as 


a compared to only 60 completed during 1932. Notwithstanding these 


new wells, 114 of which were producers, and also the appreciable increase 
__ in artificial lifting installations during the year, Venezuelan production 


Taste 1.—Petroleum Production and Exports, Venezuela, 1933 
(Barrels of 42 U. S. Gallons) 


Production | Rate Per Day Exports Rate Per Day 
MANWAIY JUNG! 8) jo .ic5 5 ey oe 57,038,000} 315,127 57,975,000 | 320,304 
July—December............... 63,318,000} 344,120 61,413,000 | 333,766 
LO UAE O SS tas as\erante ude te: 120,356,000} 329,742 119,388,000 | 327,090 


TaBLE 2.—Summary of Production and Exports by Years, Venezuela 
(Barrels of 42 U. S. Gallons) 


Year | Production | Exports | Year | Production | Exports 
1917 226,000 57,000 1925 20,581,000 18,927,000 
1918 367,000 144,000 1926 36,997,000 33,743,000 
1919 259,000 14,000 1927 63,108,000 57,303,000 
1920 526,000 1928 105,590,000 | 100,659,000 
1921 1,498,000 998,000 1929 137,745,000 | 130,045,000 
1922 3,394,000 1,813,000 1930 137,212,000 | 137,745,000 
1923 3,741,000 3,344,000 1931 118,525,000 | 116,683,000 
19240 9,147,000 8,554,000 1932 118,167,000 | 114,567,000 
1933 120,356,000 | 119,388,000 
Di mnemeILeS ce tenidwinsahie sees eh ae wie fy oc be ye 877,439,000 | 843,984,000 


was maintained at only a slightly higher level than in 1932, amounting 
to 120,356,000 bbl. in 1933 as compared to 118,167,000 bbl. in 1932. 
Foner at the end of the year the daily average production of 358,- 
860 bbl. was 16 per cent higher than that at the end of 1932. Exports 
from Venezuela recorded an increase of approximately 4 per cent, totaling 


* Venezuela Gulf Oil Co. 
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1933 as” compared’ to 114,567,000 bbl. nuttin 
) storage in Venezuela decreased approximately 47 per cent, 
a 128, 000 bbl. at the end of 1932 to about 3,693,000 bbl. at the 


staal 


; shows ties and exports ie years from 1917 to 1933 ieee 
Table 3 shows a summary of production in Venezuela during 1933 by 
_ fields; and Table 4 shows a summary of drilling in Venezuela during 1933 
fields. 
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Ta Taste 4.—Summary of Drilling Operations in Venezuela during 1933 


Wells Completed Active Drilling 

Average| Operations at 

a on gr ; : Depth of| End of 1933 
Fields Total to During Abandoned ells 


End of 1933 1933 Producers ae 
aaa t 1933, | prog, | Wild- 
Prod. | Dry | Prod. | Dry Fields | © 
‘ TES, Ue HN Aa ee 922 36 38 0 18 1693 1 
Setanta, Beater «2.5.4. sa ysysirywar ye’ 44 3 0 0 0 0 
BERR OURN GY pc scores = fs ssie <tc se pe 10 2 0 0 0 0 
RENAL SERUSNILESER cratic croc eetoer<\ s.c'eK, sisiie 5% we 642 4 36 0 6 3053 3 
Bachadueros 3 .t). Vid els bees x. 3 0 0 0 0 0 
. (PED LERET ZS) a) ieee Bienen ieee 36 5 16 5 0 1732 2 
MEMES ENT OMG Rice csi ss cis'e e's we ais 186 99 0 0 86 0 
El Mene de Acosta.............. 41 39 1 1 17 1318 0 
BINANOCO ns Sano a ske chu heen Bis 16 6 0 0 ‘il 0 
_ Hombre Pintado................ 3 2 0 0 0 0 
Pe Te WonGepcion... 5. ocachieo aes . 208 101 1 2 0 0 3542 0 
Peseta ae Wmecrd aarti otis cit ceanith.m 62 30 3 0 0 1 0 
1 22 EA hain, a a 8 5 0 0 0 0 
Mae Mianueles) 0416.50 1 eo. 12 1 3 0 0 3997 1 
(Ter ee Se ae ee eee 11 11 3 8 3 3959 2 
IVEGHOOPANGG). fe ccics crete tee se 229 a 2 0 ih 2734 2 
meee Quiriquire.g st... of S22 ls 57 6 9 1 0 2796 4 
; Ey UR ae Oe a, ee 65] 13 v 0 0 3418 1 
_ UF hog De oe gs eS a a 12 1 0 0 0 0 
Other fields and wildcats 

Maracaibo Basin.............. 13 | 108 0 0 0 0 

State of Falcon............... 5 55 0 2 0 5555 0 

Eastern Venezuela............ 5 24 3 0 0 3202 3 

Patalsrmercrecle oe he eg ce telne 2451 | 431 115 17 139 2550 16 3 


Fretp DrveLopmMents, LAkE Maracatso Basin 


Bolivar Coastal Fields (Including La Rosa, Punta Benitez, Tia Juana, 
Lagunillas and Bachaquero—situated on the eastern shore of Lake 
Maracaibo in the District of Bolivar, State of Zulia).—Production from 
this group of fields amounted to 83,775,000 bbl., or 70 per cent of the 
total for Venezuela during 1933. This sorsadiviall a decrease of 3 per 
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nents average hes ie 24 a ae, See t thi 
this average being 252,040 bbl. as compared to’ 212,491 bb: b 

of 1932. Of the total production obtained from these | bal Af 
approximately 6,000,000 bbl. was recovered from new wells comple 
during the year. The Tia Juana and Bachaquero wells remained ¢ C 
in, but practically all other ‘closed in” producers were opened to p1 
tion during the year. Table 5 shows the number of wells producing 
the daily average production being obtained by the various produc ng 
methods used in the Bolivar coastal fields at the end of 1933. == “ j 


TaBLE 5.—Distribution of Production According to Production Methods 
at the End of 1933, Bolivar Coastal Fields 


Average rode 


Percentage 
tion per Wi 


Daily Aver- 
of Total 


No. of age Produc- 


Production Method | Wells 


tion, Bbl. | Production Day, Bbl. — 
wing soe... aoe ee 369 121,471 48.20 329 
Gas lit, 34a eee eee 179 73,455 | 29.14 410 
Pumping... Geta fos ode 292 57,114 | 22.66 196 
‘Totalet eee. eee eee 840 252,040 | 100.00 300 


The number of gas-lift wells decreased by 45 as compared to the end ~ 
of 1932 due mainly to the decline in high-pressure gas production. There — 
was an increase of 99 pumping wells due primarily to the initiation of 
pumping on a large scale in the Lagunillas field, where, at the end of 1933 
there were 83 pumping wells producing compared to only 7 at the end 
of 1932. 

The advance of the edge water in the southern part of the Lagunillas 
field has been partly controlled by continuous repair work in wet wells, 
but the percentage of water in the oil production is steadily increasing, 
and treating of wet oil, which has been in the experimental stage for the 
past two years, will become necessary on a much larger scale in the future. _ 

Mene Grande Field (District of Sucre, State of Zulia).—Production 
from this field during 1933 showed a decline of approximately 4 per cent 
under the 1932 figure; however, at the end of the year the daily average 
production of 39,110 bbl. was 3,600 bbl. higher than at the end of 1932. 
Drilling was resumed in October with two drilling strings and two wells 
were completed by the end of the year. 

Concepcion and La Paz Fields (District of Maracaibo, State of Zulia).— 
Drilling was resumed in the Concepcion field during the early part of 
the year but was again discontinued in September, after the completion 
of only two wells, both of which were producers. Production was main- 
tained at approximately the same level as in 1932, yet at the end of 1933 
the daily average production of the field at 6,120 bbl. was 7 per cent higher 
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than at the same time in 1932. This increase is due entirely to the 
ze production being obtained from the two new wells. No new drilling was 
; done i in La Paz field and production showed a decrease of approximately 
, 33 per cent under the 1932 figure, while the daily average at the end of 
1933 at 685 bbl. was 25 per cent less than at the end of 1932. 
Rio Tarra and Los Manueles Fields (District of Colon, State of 

_ Zulia).—Two new wells were drilled in the Rio Tarra field during 1933, 
_ but at the end of the year these wells were reported as testing and it 
_ is probable that they will be deepened before they are considered as final 
completions. Production remained at approximately the same level as 
during 1932; however, at the end of the year the daily average production 
was 25 per cent higher than at the end of 1932. Three new wells were 
completed in Los Manueles field during the year. Although the 1933 
- production for the field showed an increase of 40 per cent over that of 
1932, the daily average at the end of the year was 25 per cent lower than 
at the end of 1932. 
Other Fields.—No additional drilling was done in the Netick field 

located in the District of Mara, State of Zulia, and the two producing 
~ wells of the field remained closed in during the year. This field has a 
potential production of 500 bbl. of 24° Bé. daily. The Totumo field, 
_in the District of Perija, State of Zulia, with a potential production of 
2300 bbl. daily, likewise remained closed in throughout the year. 
Wildcats.—There were no wildcat test wells drilled in the Maracaibo 


Lake Basin during 1933. 
. 


FIELD DEVELOPMENTS, STATE OF FALCON 


El Mene Field (District of Buchivacoa, State of Falcon).—No addi- 
tional drilling was done in this field during 1933 and production showed a 
further decline of 25 per cent under that of 1932. Production continues 
to be almost entirely dependent on artificial methods. 

Media Field (District of Buchivacoa, State of Faleon).—Exploratory 
drilling was carried out in this field during the entire year, but results 
were very disappointing. Out of 11 wells drilled, only three were com- 
pleted as producers and one as a high-pressure gas well. Production 
for 1933 showed an increase of 20 per cent over that for 1932, but at the 
end of 1933 the daily average production of 1050 bbl. was 55 per cent 
less than at the end of 1932. Gas repressuring was tried out in this field 
during the early part of the year but was abandoned, inasmuch as it 
was found that it served only to increase the gas-oil ratio and had no 
effect in increasing the production nor in slackening the very high rate 
of decline. 

Cumarebo Field (District of Zamora, State of Faleon).—Development 

in this field continued during 1933 and 16 new producing wells were 
*  eompleted for an average initial production of 1050 bbl. Five drilling 


4,982, 000 bbl. as neta vs ie 2, 055 000 bbl. pital 

however, active exploitation in this field was not undertake 
middle of 1932 and therefore the figure for that year does not r 
a complete year’s production. The daily average rate of 14,390 
the end of 1933 representing approximately 85 per cent of the : 
present capacity was slightly less than the daily average recorded d 
December, 1932. A compressor station was completed at ( 
in March, 1933, and since that time gas repressuring has been cherie 
continuously, and at the end of the year four wells were being used fc or 
the introduction of gas into the formation. ‘Laie 

El Mene de Acosta Field (District of Acosta, State of eee — 
Drilling was suspended in this field in April, 1933. Only two wells were 
completed during the year, one of which was a small producer. Produc- 
tion showed a further decline of approximately 20 per cent under the 
1932 figure. 

Other Fields—The Urumaco field with a potential production of 2000 
bbl. daily, situated in the District of Democracia, State of Falcon, and 
Las Palmas field, with a potential production of 900 bbl. daily, situated 
in the District of Buchivacoa, State of Falcon, remained closed in during 
the entire year. 

Wildcats.—The Standard Oil Co. of Venezuela completed the only — 
two wildcats drilled in the State of Falcon during 1933. La Vela No. 3, 
in the District of Colina, was abandoned as a dry hole at a depth of 
4705 ft. and Ricoa No. 1, in the District of Zamora, was likewise aban- 
doned as a dry hole at a depth of 6404 ft. The same company deepened 
its La Vela No. 2 from 2822 to 3320 ft. but again it resulted in a high- 
pressure gas well, with no oil. At the end of the year, the British Con- 
trolled Oilfields Ltd. was rigging up its La Guinea No. 1 wildcat in the 
District of Buchivacoa. 


FretpD DEVELOPMENTS, EASTERN VENFZUELA 


Quiriquire Field (District of Piar, State of Monagas).—Drilling was 
suspended in this field in April, 1933, but was again resumed in August, 
and nine producing wells were ens pete by the end of the year. The — 
production for the year, which amounted to 6,698,000 bbl., was the 
highest for any year in the history of the field and was 35 per dott higher 
than that of 1932. The daily average production at end of the year was 
22,820 bbl. as compared to 10,867 bbl. at the end of 1932. Very satis- _ 
ahi? results are reported from gas repressuring, which was started in 
this field in February, 1933, and several wells which formerly were con- 
sidered as candidates for artificial lift have returned to natural flow status. 


new export: terminal for the eeding of ocean tankers is being con- 


vucted by the Standard Oil Co. of Venezuela, at 9 on the southern 


oe ee oe ee eS a ae 


as dsate pines 
— Guanoco Field (District of Benitez, State of Sucre). olan field 
remained closed in during the year. 


Wildcats.—The most important new oil strike of the year was that 


- encountered in Pedernales No. 2, the third test well to be drilled by the 

_ Standard Oil Co. of Venezuela in the Pedernales area of the Territory of 
~ Delta Amacuro. This well blew out in April, 1933, at a depth of 1571 ft. 
with an estimated flow of 5000 bbl. daily of 17.8° Bé. oil. However, 
although the blowout was speedily controlled, considerable difficulty 
_ has been experienced in efforts made to complete the well as a com- 


mercial producer, owing to the very silty nature of the producing horizon, 
which causes the well to sand up after flowing for only a short period. 
In September, with 60-mesh screen liner installed, the well averaged only 
slightly more than 200 bbl. daily through a 7¢-in. choke during the 
few days it produced before it again sanded up. Up to the end of the 


year, no commercial production had been reported from the well. A 


fourth well, Pedernales No. 3, approximately 110 meters northeast of 
Pedernales No. 2, was being prepared for a test at a depth of 3034 ft. 
at the end of the year. 

A small amount of oil was also encountered by the Standard Oil 
Co. of Venezuela in two wells drilled in the Orocual area in the District 
of Piar, State of Monagas, about 20 km. southwest of the Quiriquire 
field. Orocual 2, which was drilled to 5021 ft., was plugged back to 
3183 ft. and completed at that depth as a very small pumping well. 
Orocual 3 was completed at a depth of 3016 ft. as a 150-bbl. pumper. 
The oil from both wells is very heavy and the gravity was reported as 
being between 12° and 13.5° Bé. Additional exploration is expected to 
be carried out in this area during 1934. 

At the close of the year, La Pica No. 1, in the District of Maturin, 
State of Monagas, on pooled acreage of the Compania Espanola de 
Petroleos, the Lago Petroleum Corporation, and the Standard Oil Co. of 
Venezuela, and drilled by the last named company, was fishing for lost 
drill pipe at a depth of 5857 ft. Dry gas was encountered at 5040 ft. but 
no oil shows were reported. It is understood that the well is scheduled 
for abandonment. 

During the year the Venezuela Gulf Oil Co. drilled Oficina No. 1 to 
6184 ft. before moving off the tools to its No. 2 location. This well made 
only dry gas but in considerable volume. The Oficina area is in the 
District of Freites, State of Anzoategui, about 130 km. northwest of 
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Ciudad Bolivar. The same company is preparing to drill additional 
wells in both the northern and southern parts of Freites. 

The increasing tax burdens on the large holdings of the various 
companies in Eastern Venezuela will probably necessitate further test 
drilling during 1934, in order to eliminate acreage of least promise. At 
the present time several companies are busily engaged in carrying out 
geological and geophysical exploration work. Various engineering 
parties have been active during 1933 in surveying concessions on which 
maps are due to be presented to the Government in 1934. 


Lined «, 


Chapter V. Refining 


Developments in Refinery Engineering during 1933 


By Wautrer Mituer,* Ponca City, OKua. 
(New York Meeting, February, 1934) 
ADVANCEMENT in engineering in the refining industry during 1933 


might be likened to the jagged flame of a poor wick-test Appt con 


os outstanding high spots, but not broadly spectacular. 
Economie conditions were unsatisfactory for the first six or eight 


matte but the improvement in the latter part of the year had some 


immediate effect in stimulating new designing and building. The 
national legislative program involving the industry drew the attention 
of executives away from petroleum technology to some extent. The 
National Recovery Act, and its offspring, the Petroleum Code, demanded 
deep and continued study to put the machinery into smooth motion. 
From a purely technical engineering stand, therefore, the emergency 
measures might be considered a temporary brake on progress. The 
ultimate effect, if the whole industry can get back “out of the red,” 
may well be a more than expected advance. Of course, petroleum 
technologists and engineers, including both those engaged within and 
those busy in designing and building for the industry, continued their 
efforts, and much of the results of their work will undoubtedly see the 
light of day under the improved economic conditions, which bid fair to 
stay with us. There was little improvement during 1933 in atmospheric 
distillation, sweetening processes, or furnace design, but experimentation 
during the year on these subjects may materialize into distinct advances. 

The trend toward compact distilling and fractionating equipment, 
especially in the Appalachian district, deserves noting. A number of 
refineries in that district replaced obsolete shell still units with up-to-date 
tube stills and efficient fractionating towers, both for the better sepa- 
ration of lubricating fractions from the crude and for improving the 
boiling range of the gasoline. A number of small skimming and 
topping plants in flush fields, such as East Texas, which felt the pinch of 
production control, were forced to shut down, but the stronger among 
them are consolidating their positions by installing cracking equipment 
and in some cases more modern crude-distillation units. 


Motor Fur. 


For the first time in many years a reviewer is able to point to at 
least a temporary cessation in the competitive race in the manufacturing 
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broadly marketed brands. Nonpremium Bia 


initiated during the year to set the top figure at 65. or 67 fe il 
plishment. There is certainly much in favor of the idea tha 
would have been sufficiently high for satisfactory road perfo: 
most of the cars in use. There are some grounds for basing th 
hope that the top in this race has been reached. | ant 
The rapid trend toward “‘re-forming,” so evident in 1932, was aie ther 
effectually slowed up by tetraethyl lead becoming available for non- 
premium gasoline. Limiting the use of ethyl lead to gasoline w 
maximum of 70 A.S.T.M. to prevent undue competition with premiw: 
gasolines helped also to establish, at least temporarily, a “ceiling” c 
70 in the octane race. Considerable re-forming is still being done but 
installation of specialized units for the purpose has practically ceased 
As gasoline prices rise it becomes more difficult to justify the reforming — 
operation as against the use of ethyl lead for octane raising, by those 
to whom it is available. es 
The advantage of re-forming for volatility improvement stays more 
constant because the cost of casinghead gasoline to the refiner has 
advanced somewhat in line with improved motor fuel prices. The 
question of whether to suffer the extra cost of practicing re-forming to — 
improve volatility or to use natural casinghead gasoline depends largely 
upon local conditions and the ‘‘spread” between prices of motor fuel — 
and natural gasoline. ny 
Motor designers and manufacturers have made improvements, which, 
in many instances, have lessened the knocking problem and in some — 
cases removed the bugbear almost entirely. Automatic spark control 
and the use of aluminum alloys for cylinder blocks, cylinder heads, and 
pistons, are to a considerable extent credited with this improvement. __ 
The adoption as a tentative A.S.T.M. standard by the American — 
Society for Testing Materials early in the year of the improved anti-— 
knock test equipment developed by the Cooperative Fuel Research 
Committee has brought about improved conditions in anti-knock — 
evaluation and comparison of motor fuels. Some additional refinement — 
of the method, and additional correlation with automotive performance, 
is still looked for but it is in the main much better than any method — 
previously generally available. ; 
Another ‘“‘top” in gasoline quality is rapidly being reached. The 
trend toward greater average volatility noted during 1932 continued — 
through 1933 to almost its ultimate logical limit. The effect of this 
increased demand upon the casinghead or natural gasoline industry has 
been gratifying indeed to those engaged in it, since the average price 
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‘al gasoline during the last half of 1933 was more than double 
that of the previous year and a half. 
The threat by the ‘‘agricultural’”’ interests to force the inclusion of 
alcohol in motor fuel caused much discussion and made necessary exten- 
sive testing programs leading to full knowledge of the factors controlling 
L the use of blended fuels. The proposals were proved to be unsound 
_ from many standpoints and patently inadvisable after careful study of 
_ their influence upon all concerned. They were denounced by some as 
an attempt at economic class legislation in favor of agriculturists at the 
expense of the petroleum industry and the public generally. 
The proposals will undoubtedly be brought out again in the legis- 
., lative halls during 1934, but the large amount of technical study given 
_ the problem by unbiased investigators during 1933 should strengthen 
_ the opposition materially. 
The trend in refinery cracking methods has followed advisable 
changes in gasoline specifications and improvements in mechanical 
 cgonstruction and materials. The influence on re-forming (cracking) of 
low octane gasolines and naphthas has already been noted. By increas- 
ing use of alloyed steels and improved methods of fabrication of cracking 
plant equipment, plants now can be built that will better withstand the 


extreme conditions of temperature, pressure and corrosion to which the 


metals are exposed. The use of alloyed steels in exchangers, welded 


+ vessels, valves and fittings has been further developed for high-tempera- 
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ture and pressure use. The trend is definitely away from the former 


high-pressure soaking drums and reaction chambers toward the accom- 


plishing of the same objects by more scientific design of tube banks and 
better temperature condition control. Recently developed units provide 
for separating the cracking stock into a number of fractions, which are 
subjected to the particular cracking conditions most suitable for each 
individual fraction. Some of the still units erected provided for as many 
as three or four separate sets of heating tubes, each located in a zone of 
heating especially adapted to the character of the charging stock fraction 
and the end product desired. Noteworthy are developments in “‘viscosity- 

breaking” in which the normally viscous reduced crude undergoes a 
carefully selected temperature and pressure treatment in which additional 
gas oil for conversion into gasoline is obtained, and the resulting fuel oil is 
molecularly rearranged to yield an industrial fuel possessing the desirable 
properties of fluidity and freedom from excessive tar and coke content. 
The trend of the refinery away from a mere separating plant and toward 
a true organic chemical plant grows rapidly. 


LUBRICANTS 


Refining lubricating oils by solvent extraction has been the domi- 
nating point of interest in manufacture of lubricating oil during the 
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year. The subject occupied a most promi mit 
refinery meetings. Many compounds, varying idel; 
have been tested for their solvent powers, and a total 
processes are now available for the refiner’s choice. — Several 
plants are in course of construction and a number of organizatio 
projects for installation under active consideration. Others, wi 
thought that the high viscosity index, low carbon residue, and ox 
characteristics of solvent-treated lubricants constitute a quality 
lubricating oil really not needed except for highly specialized sais: 
are watching the situation in the hope that it will be unneces nis 
make the investment and incur the extra operating cost, but dicttiomg 
fearful of the possibility that competition will force them to take t 
step willy-nilly. Inasmuch as the quantity of solvent-extracted lub 
cants offered to the public will be greatly increased during 1934, accon a 
panied by a considerable fanfare of advertising, the absolute necessity 

for installation should be pretty well cleared up during the current year. 
It will be a most interesting development to watch. a 

The use of self-induced refrigeration for dewaxing various lubricating- — 
oil stocks has been developed and described by the Standard Oil Company ~ 
of Indiana and others, and should obtain rather widespread study as 
need for modernization of present refrigerating equipment arises. Ad 
least two volatile solvents have been proved satisfactory in commercial — 
use, and the simplicity of the process will probably affect the economies ~ 
of operation of the old type of dewaxing methods now in use by nearly © 
all refineries manufacturing lubricating oil. Some refrigerants may be — 
developed having refining action in addition, which would probably — 
make their commercial application more desirable and more easily 
justified from an economic standpoint in problems involving replacement 
of existing older style plants. 

Deasphalting lubricating stocks by the use of solvents was given — 
further impetus and doubtless will become an important development 
both to the refiner and, in a negative way, to the acid manufacturer. 
The deasphalting of lubricating oil by solvents naturally will reduce the 
required acid treatment, and probably will conserve a considerable part 
of the loss of valuable constituents of lubricating oil encountered with — 
heavy sulfuric acid treating. 

Extreme-pressure lubrication and extreme-pressure lubricants have — 
doubtless been among the most vital problems of the refiners and auto- 
motive engineers. The increasing pressure on bearing surfaces required — 
by the design of new mechanical equipment calls for lubricating oil and 
greases with much higher film strength. The very best quality of straight — 
petroleum lubricants will break down and allow metal-to-metal contact 
at loads that the automotive engineer desires to utilize in improving 
motor-driven equipment. The general solution of the problem of 
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<treme-pressure lubricants was rendered more complicated by the lack 
ing equipment or devices that would give concordant results. 
‘ying strides have been made during 1933 and more satisfactory 


457 


ee - WALTER MILLER 


final solution of the problem will require the production of lubri- 
af unts with extreme-pressure characteristics that are not objectionable 
from other standpoints. Many of the extreme-pressure lubricants now 
on the market are unsatisfactory because of an excessive tendency 
_ toward corrosion and general instability in so far as oxidation, sludging, 
color and odor are concerned. 
While the solvent processes for lubricant manufacture foreshadow 
_ reduced sulfuric acid treatment, great quantities of acid continue to 
be used. The attendant sludge-disposal problem has been troublesome. 
7 Methods for successfully and efficiently burning have been in use to a 
: limited extent for some years, but are not applicable economically in all 
eases. A process of disposal brought to successful application during 
_ the year enables the refiner to convert his acid sludge into high-quality 
acid and marketable coke. There is some hope that the unsightly sludge 
ponds will in time become a memory. 


Fuet UTILIzATION 


The refining industry in 1933 turned further toward a utilization of 
+ waste products from its own operation, rather than to the outside sources 
of supply. The U. 8S. Bureau of Mines Survey of Refinery Fuel Con- 
sumption for 1932 showed that the primary refinery fuel was residue 
gas (stripped of any liquefiable gasoline content) while the consumption 
of acid sludge increased markedly. 
The improved economic conditions indicated and hoped for during 
1934 will, it is thought, give stimulus to refinery engineering progress 
lacking during the last few years. 
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